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The  Internalional  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  ihose  who  are  not  students  of  the 
Schools.  A^  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries    above    mentioned,    a    few   words    are    necessary 

egarding  the  scop^f^  *wid-j>urpo6&of  the  instruction  imparted 
to  the  students  of^^jid* ;il>e  clas^  ."oJ^sliidents  taught  by^ 
these  Schools,  in  order  ^o.iiiffori  ^,  clear  understanding  of 
their  saiient  and  uniqtie  f'itftcires.; '-^^ 

The  only  requireaieut^fot'fldmis&iotl  to  any  of  the  courses 

flfcred  by  the  IntertlatHyrfal  Corrfc&p6ndence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  hini  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textboijks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class^ 
trade^  and  profession  and  from  every  country;  they  are^ 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice^  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
the  one  he   now   pursues.      Furthermore,    he  wishes   to 

btain  a  good  working  knowledge  of  the  subjects  treated  in 

he  shortest  time  and  in  the  most  direct  manner  posi^ible. 

ill 
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In  meeting  these  requirements,  we  have  produced  a  set  of 

books  that  in  many  respects^  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration,  and  in  no  case  is  any  g^reater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry^  and  trigonometry,  with  a  thorough^ 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted^  but  thorough  and  complete  instructions  are  given 
regarding  how,  when^  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  appiied;  and 
whenever  possible  one  or  more  examples^  such  as  would  be 
likely  to  arise  in  actual  practice— together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  thes^  tex|bookfi,  it- lias  been  our  constant 
endeavor  to  view  tha^f^-^^ter'frtjRi'^th^i^ytifdent's  standpoint, 
and  to  try  and  anticipate.  everj^t^iiH^jthat  would  cause  him 
trouble.  The  utmost  pi^^ij  iiV^^^i  been  taken  to  avoid  and 
correct  any  and  all  arftl^gfioUs^ts^Kessions— both  those  due 
to  faulty  rhetoric  and  thofeft<hIt>tt>'<iufiufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it^  ilhistraLioiis  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space, ,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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inde^ces  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks^  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 
H  This  volume  contains  a  thorough  treatment  of  graphic 
statics,  a  subject  that  is  indispensable  for  the  determination 
of  stresses  in  structures;  a  complete  but  simple  exposition 
of  the  methods  used  in  computing  the  stresses  in  the  mem- 
bers of  all  common  types  of  bridge  trusses;  a  full  description 
of  all  the  structural  shapes  used  in  bridge  constructions;  and 
extensive  tables  where  the  properties— areas,  radii  of  gyra- 
tion, weights,  dimensions,  etc- — of  these  shapes  are  given. 
After  the  general  methods  of  determining;  stresses  have  been 
presented,  trusses  of  various  types  (Pratt  truss,  Howe  truss, 
Warren  truss,  BaUi*riorL .  t^uss,  Peljl.  .truss,  curved-chord 
trusses,  etc.)  are  taken  in  succession;  and  the  stresses  in 
them  computed,  by  eitler  tli*;  graphic  or  the  analytic  method, 
that  method  being  ssleoted^wbich- is  best  adapted  to  each 
particular  case.  ;    ?  ":'■/      'j-,  : 

^m     The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
^"snch  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
Hto  make  the  index  intelligible,  it  was  necessary  to  give  each 
^subject  or  part  a  number.     This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite    the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section   mark   (§).     Consequently,  a  reference 
such  as  §  IG,  page  26,  will  be  re^tdily  found  by  looking  along 
the  inside   edges  of  the  headlines  until  §16  is  found,  and 
[■then  through  §  16  until  page  26  is  found. 
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COPLANAR  CONCURRENT  FORCES 

1*     Tlie   Graplilc    and    the    Analytic    Method    Ooni- 

tmrc^d. — The  graphic  method  of  dealing  with  problems  in 
statics,  although  not  so  accurate  as  the  analytic^  is  in  a  ^eat 
roany  cases  much  simpler  than  the  latter  and  gives  results 
that  are  sufficiently  close  for  all  engineering  purposes,  it 
is  not,  however,  to  be  supposed  that  the  graphic  method  is 
preferable  in  all  cases:  for  the  con* 
structions  it  requires  are  sometimes 
I  exceeding  complexity  compared 
with  the  simple  formulas  employed  jj^, 
by  the  analytic  method.  Moreover, 
the  latter  method  is  broader  and 
better  adapted  to  discussions  and 
investigations  of  a  general  character. 
As  an  illustration,  let  it  be  required 
to  find  the  equilibrant  of  two  forces  F^  and  F„  Fig.  I,  acting 
at  a  point  A  in  given  directions.  From  -7  {or  from  any  other 
point)  two  lines  are  drawn  parallel,  respectively,  to  the  given 
directions  of  the  forces.  On  these  lines,  and  in  the  proper 
directions,  are  laid  off  the  vectors  A  /?»  and  .  /  B^^  to  represent 
/^  and  /-',,  using  any  convenient  scale.  On  the  lines  A  Bt  and 
v^  /?,  the  paraUelogfram  .1  B,  B  /?,  is  constructed,  whose  diag- 
onal B  A  is  the  required  equilibrant.  Its  magnitude  Is  deter- 
ined  by  measuring  the  line  B A  and  multiplying  its  length 
the  scale  used.  Thus,  if  F,  and  /v,  are  laid  of!  to  a  scale 
of  100  pounds  to  the  inch,  and  R  A  measures  ZH  inches,  the 
magnitude  of  the  equilibrant  Q  is 

3^  X  100  =  344  pounds,  nearly. 

[Atof  fry  Intefnaitanal  T^xtb^tok  Company.    EttUred  at  Staitcm^s'  f/ait.  Lomdom 
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Instead  of  constructing  the  whole  parallelogrram,  the  tri- 
angle^ ^i  B  may  be  constructed,  by  drawing  B^  B  equal  and 
parallel  to  7s,  and  then  drawing  B  A. 

Here  the  graphic  solution  is  evidently  simpler  and  can  be 
accomplished  much  more  rapidly  than  the  analytic  solution. 

2.  Suppose,  now,  that  a  weight  of  1,000  pounds,  Fig.  2, 
is  placed  on  a  beam  Ax  ^„  at  distances  of  9  and  3  feet 
from  the  supports  A^  and  ^„  and  that  it  is  required  to  find 
the  reactions  at  those  points.  Graphically,  the  problem  may 
be  solved  as  follows:  From  ^,,  draw  Ax  W*  to  represent  the 
weight  of  1,000  pounds  to  any  convenient  scale;  draw  IV^  A», 
the  vertical  A  Bt,  and  the  horizontal  B^B,,     Then  will  ABt 


-*-* 
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Pig.  2 

(or  AtBt)  represent  the  reaction  ^,  at  Ax,  and  B^  IV'  the 
reaction  ^.  at  An.  For»  if  moments  are  taken  about  A»,  we 
must  have, 

R.XAxA,^  WxAA,,OT^^  =  ^ 

AAj        Rt 

Now,  the  similar  triangles  Ax  A,  W  and  A  At  B^  give 

AxAt^AxW;^ 

A  A,         ABx 

Comparing  this  with  the  preceding  proportion  and  noticing 

that  Ax  W  =   W,  it  follows  that  A  Bx  =  Rx..    We  must  have, 

also,  Rt  =  W—  Rx.     The  figure  gives, 

B.  W  =  Ax  IV  -AxB.  =  Ax  W  -ABx  =  IV-  Rx  =  R, 

In  this  case,  the  geometric  construction,  although  simple, 

can  be  advantageously  dispensed  with,  as  the  reactions  can 

be  much  more  readily  calculated  from  the  general  equation 
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of  equilibrium  referred  to  above;  viz.,  12/^,  =  S  IV;  whence, 
V?.  ^  i  iV  =  250  pounds,  and  /^,  ^  IV -  7?,  -  1,000  -  250 
=  750  pounds. 

This  example  shows  tbat  the  graphic  method  is  not  alwiiys 
the  simpler,  and  thnt  some  judy:ment  should  be  exercised  in 
the  choice  of  the  method  to  be  employed  in  any  particular 
case*  There  are  geometric  constructions  by  which  centers 
of  gravily,  statical  moments,  bending  moments,  and  shear- 
ing stresses  (terms  used  in  the  mechanics  of  materials)  can 
be  determined.  But,  unless  these  constructions  lead  to  the 
required  results  more  easily  and  quickly  than  the  formulas 
employed  by  the  analytic  method,  the  formulas  are  to  be 
preferred. 

3,  Graphic  Detertnluatlou  of  tlie  Resultant  ajid 
E^jutllbi-Hnt   of    Any  Number  of  Concupront   Forces* 


FtG.  3  Ftc.  I 

The  construction  to  be  presently  described  has  already  been 
explained,  but  is  repeated  here  in  a  slightly  different  form 
for  the  sake  of  convenience.  Let  F^^F^.F,,  F^,Ft,  Fig.  8,  be 
coplanar  concurrent  forces  acting  at  0.  If,  from  the  end  .-/, 
of  the  vector  O^-li  representing^  the  force  F,,  the  vector  --/i>^i, 
equal  and  parallel  to  /\,  is  drawn,  the  vector  0^^  will  repre- 
sent the  resultant  of  F^  and  /%,  These  two  forces  can,  there- 
fore, be  replaced  by  (he  single  force  f").-^,.  Likewise,  by 
irawing  .7,, -/^  equal  and  parallel  to  /•^,,  and  joining  O  to  A„ 
the  resultant  0.4^  of  OA^  and  /^.  or,  what  is  the  same  thing, 
of  Ftt  F„  and  /,,  is  obtained.    Similarly^  OA*  is  the  resultant 
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of  OA,  and  /\,  or  of  /s»/^i/*l,  and  /\;  and»  finally,  OA,, 
obtained  in  a  similar  manner,  is  the  resultant  of  OA^  and  J\ 
— that  is,  the  resultant  7?  of  the  five  given  forces.  The  same 
vector,  taken  in  the  opposite  direction,  as  shown  by  the 
arrow  Q,  evidently  represents  the  equilibrant  of  the  same 
given  forces. 

Noting  that  the  sides  /^„  /%',  F/,  FJ,  FJ  of  the  polygfon 
OAiAiAtAtA^OvepresGntthe  given  forces  in  magnitude 
and  direction,  and  that  the  closing  side  R  ot  Q  represents 
either  the  resultant  or  the  equilibrant  of  the  g^iven  forces; 
and  noting  also  that  for  the  construction  of  this  polygon  it  is 
not  necessary  to  draw  the  aiixiUary  vectors  OA^^  O  At,  etc., 
the  following  general  rule  may  be  stated: 

Kiile. — Tc  find  (he  resultant  or  the  eguiiibrant  of  any  num~ 
ber  of  concurrent  forces,  dra7i\  in  cyclic  ontcr,  vectors  represent- 
ing tJte  ^iven  forces^  and  jot  ft  ike  end  of  the  last  vector  with  the 
origin  of  the  first.  The  vector  ihits  obtained,  if  taken  in  cyclic 
order  with  the  two  ztectors  between  wftieli  ii  lies,  will  represent 
the  equilibrant  of  Hie  g'ivca  forces;  if  taken  i?i  non-cyclic  ordcr^ 
it  will  represent  the  resultants 

4*  Tlie  Force  Polygon- — The  figure  O  A^A^AaA^A^, 
Fig,  3»  though  not  generally  a  closed  figure,  is  caJled  the 
force  polyiffon  of  the  given  forces,  and  the  line  OA^  is 
called  the  closluj?  line  of  the  polygon. 

Usually,  the  lines  of  action  of  the  forces  are  given  by  the 
center  lines  of  the  members  of  a  structure  or  parts  of  a 
machine.  The  assemblage  of  these  lines  of  action  is  called 
the  »4pace  dtapfruni  of  the  given  forces.  It  is  generally 
more  convenient  to  construct  the  force  polygon  separately; 
that  is,  not  taking  the  RCtual  meeting  point  of  the  forces  as 
a  starting  point.  Thus,  Fig.  4  represents  the  force  polygon 
{or  polygons)  of  the  forces  given  in  Fig.  3.  The  point  O 
may  be  taken  at  any  convenient  place,  and  the  vectors  OAi^ 
At  A,,  At  At,  etc.,  equal  and  parallel,  respectively,  to  the 
given  forces,  drawn  in  cyclic  order.  The  closing  line  A^O 
represents  either  the  resultant  or  the  equilibrant.  according 
to  the  direction  in  which  it  is  taken.     That  this  gives  the 
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same  result  as  the  one  obtained  before  is  evident  from  the 
equality  of  the  two  poly^fons. 

The  order  «>f  succession  in  which  the  vectors  are  drawn  is 
immaterial.  Thus,  after  drawing  OA^^  A^  A/^  may  be  drawn 
lo  represent  /s*  then  A,"  A  J'  to  represent  /!»  then  Aj*  A»^ 
to  represent  /\,  and.  finally.  A/' At  to  represent  F,.  The 
point  .-/,  thus  determined  will  coincide  with  the  one  deter- 
mined before,  and  the  line  A^  O  will,  therefore,  be  the  same 
HI  both  cases.  The  reason  for  this  is  obvious,  li  A,At^^ 
and  -■*/..')*"  are  drawn,  the  quadrilaterals  AtA/^andAfAJ^ 
will  be  parallelograms,  sinccj  by  construction,  A^  A  J'  is  equal 
and  parallel  to  A^A,,  and  A^"  AJ*  is  equal  and  parailel 
to  At  At-  The  parallelogram  A^AJ*  shows  that  A^AJ^  is 
equal  and  parallel  to  .-/,  A.^  { —  /^);  and/  as  in  the  parallelo- 
gram AiAJ'  the  side  A^AJ^  is  equal  and  parallel  to  A^.-i^", 
it  follows  that  At  A  J'  is  equal  and  parallel  to  A,A»  (=  FJ. 
As  A,!'  AJ'  is  equal  and  parallel  to  A^A^  [—  /•",),  the  line 
drawn  from  AJ^  to  A^  must  be  equal  and  parallel  to  A^AJ\ 
and*  therefore,  to  F,.  So  that^  if  the  point  --/,  had  not  been 
already  determined,  it  could  be  located  by  drawing  from -4," 
the  line  A  J'  A,  equal  and  parallel  to  /s,  as  was  stated  above* 
It  can  be  shown  in  the  same  manner  that,  whatever  the  order 
followed  in  drawing  the  sides  of  the  force  polygon,  the 
result  will  always  be  the  same. 

5<  The  rule  for  the  composition  of  concurrent  forces  can 
now  be  stated  in  the  following  concise  manner: 

Rule.— 7b  fifif/  tk^  rrstiiianf  or  the  eguiiibrani  of  several 
concurrenf  iorcts^  draw  the  (orce  polygon  of  (he  ^^iven  forces,  and 
close  it;  the  eloshiji^  thtc  will  represent  either  of  the  required 
fore^s^  aecording  lo  Ihc  direction  in  wfticft  it  is  taken, 

6,  CoiidltloTis  of  E4{utlibrtum* — Should  the  end  of 
the  last  vector  of  ihe  force  polygon  coincide  with  the  origin 
of  the  first,  the  closing  line  will  vanish;  that  is.  there  will  be 
no  resultant.  This  will  indicate  that  the  given  forces  are  in 
equilibrium.  Thus,  if  the  given  forces  were  /%,  /^,.  /"*„  F^^ 
Ft^  and  Q,  Fig.  3,  the  last  vector  of  the  force  polygon  would 
be  A^O;  the  force  polygon  would  be  closed,  and  the  forces 
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would  have  no  resultant.  In  this  casei  any  of  the  forces 
may  be  considered  as  the  equilibrant  of  the  others.  The 
following  principles  may,  therefore,  be  stated: 

//  the  force  polygon  of  a  system  of  concurrent  forces  ciosesy  the 
forces  are  in  equilibrium. 

Conversely,  in  order  that  several  concurrent  forces  may  be  in 
equilibrium^^  the  force  polygon  must  close.  For,  otherwise,  the 
forces  would  necessarily  have  a  resultant  represented  by 
the  closing  line  of  the  polygon. 


COPLANAR    NON-CONCURRENT    FORCES 


THE    FORCK    DIAGRAM 

7«  Determination  of  the  Ma^nltntle  nnO  Direction 
of  tlie  Resultant  or  ICqnlllbrant  of  An>;  Number  of 
Coplanar    Non-Coucurrent   Forces. — Let  /^,  /^,  /s,  /\, 


Fro.  6 


Fig.  5  (a),  be  non-concurrent  forces  acting  on  a  rigid  body. 
It  was  shown  in  Analytic  Statics,  Part  2,  that,  so  far  as  the 
magnitude  and  direction  of  the  resultant  are  concerned,  the 
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furces  may  be  treated  as  concurrent;  or»  rather,  the  magai- 
tude  and  direction  of  their  resultant  are  the  same  as  the 
magnitude  and  direction  of  the  resultant  of  a  system  of  con- 
current forces  equal  and  parallel  to  the  given  forces.  There- 
fore* if  a  force  polygon  abcde^  Fig,  5  (^),  is  coustnicted  by 
drawing  ah  equal  and  parallel  to  F^^  b^  equal  and  parallel  to 
/V,  etc.,  the  closing  vector  ae  i:iX  ea  will  represent  the  mag- 
nitude and  direction  of  either  the  resultant  or  the  equilibrant 
of  the  given  forces,  according  as  it  is  taken  in  non-cyclic  or 
m  cyclic  order  with  the  two  vectors  a  b  and  de  between 
which  it  lies. 


8*  Notation. — The  following  notation,  which  is  illus- 
trated in  Fig.  5  (a),  is  very  convenient  and  very  often  used: 
The  line  of  action  of  a  force,  instead  of  being  indicated  by 
letters  at  its  extremities*  is  indicated  by  two  capital  letters 
opposite  each  other,  one  on  each  Side  of  the  line.  For 
example,  ^  ^  is  the  line  of  action  of  ^,,  and  C B  is  the  line 
of  action  of  7%.  Each  letter  is  common  to  the  lines  of  action 
of  at  least  two  forces,  including  the  resultant  (or  the  equi- 
librant). Thusj  the  lines  of  action  of  the  four  given  forces 
and  their  resultant  (the  latter  to  be  determined  presently) 
are;  AB,  BC,  CD.  D  E,  and  EA. 

In  the  force  polygon,  shown  in  Fig,  5  (^)t  each  vector  is 
denoted  by  two  small  letters  corresponding  to  the  capital 
fetters  indicating  the  line  of  action  of  the  force  represented 
by  the  vector.  For  instance^  ab  represents  F^^  whose  line 
of  action  is  A  B.  Having  drawn  a  h,  the  next  vector  h^  must 
be  drawn  parallel  to  D  C  the  letter  B  being  common  to  A  B 
and  BC.  In  the  same  way,  after  drawing  bc^  the  next  vector 
must  be  drawn  parallel  to  the  other  line  of  action  having  C 
for  one  of  its  letters,  that  is,  to  CD.  It  is  convenient, 
although  not  necessary,  to  draw  the  vectors  of  the  force 
polygon  so  that  the  letters  will  be  in  alphabetical  order. 
This  mode  of  notation  is  known  as  Bow's  notatiou. 

If  the  magnitude  of  each  force  is  indicated  by  F,  with  a 
subscript  consisting  of  the  capital  letters  marking  the  line 
of  action  of  the  force,  we  may  write  the  loUowing  convenient 
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equations,  showing  the  corresponclence  between  the  forces 
in  the  space  diagram,  Fig.  5  [a],  and  their  magnitudes  and 
directions  as  given  by  the  force  polygon,  Fig.  5  {6): 

F^B  =  aS,  Fsc  =■  bc^  FcD  =  ^d^  etc. 
It  should  be  noticed  that  the  pairs  of  letters  AB^  BC^  etc. 
indicate  lines,  without  any  reference  to  directions,  so  thai 
A  B  has  the  same  meaning  as  B  A,  The  lines  ab,  bc^  etc.  of 
the  force  polygon,  on  the  contrary,  are  vectors,  whose  direc- 
tions are  indicated  by  the  order  of  the  letters.  Thus,  ab  is 
a  vector  whose  arrowhead  points  from  a  toward  A,  and  ba 
would  be  a  vector  with  ks  arrowhead  pointing  frotti  b 
toward  *7.  We  thus  have  ab  =  Far*  but  never  ab  —  ba,  the 
true  relation  between  ab  and  ba.  being  ab  =  —ba.  The 
resultant  of  tue  given  forces  is  represented  by  ae;  their 
equilibrant,  by  ^a. 

9<  Ijlne  of  Action  of  the  HestiltAnt  (or  of  the  Kqul- 
Jtlirant)— The  Force  I>in^t'ani*  —  Having  determined  the 
magnitude  and  direction  of  the  resultant  R  —  ae  (or  of  the 
equilibrant^  =  <?a),  Fig.  5  (^),  the  line  of  action,  or  the  posi- 
tion of  this  force  in  the  space  diagram,  is  determined  in  the 
following  tnanner:  From  any  convenient  point /,  Fig,  5  (*), 
draw  lines  ^  a,  fib,pc,  etc.  to  the  vertices  of  the  force  poly* 
gon.  The  lines  a^  and  pb^  considered  as  vectors  in  non- 
cyclic  order  with  ab^  as  indicated  by  the  arrows  /  and  1% 
evidently  represent  the  components  of  Tvfj  or  F,^  in  the 
directions  ap  aixl^^;  this  follows  from  the  principle  of  the 
triangle  of  forces.  Likewise,  bfi  and  p^  represent  the  com- 
ponents of  Fsc,  or  F„  in  the  directions  bp  and  Pc;  this  is 
indicated  by  the  arrows  2  and  3'.  The  same  is  true  of  the 
other  lines  radiating  from  p.  The  figure  formed  by  these 
lines  and  those  of  the  force  polygon  is  called  a  force  illa- 
#rrHTn  of  the  given  forces-  The  point  p  is  called  the  pole 
of  the  force  diagram,  and  the  radiating  lines  ^rt,  ^r,  etc.  are 
called  rays.  The  position  of  the  pole  P  being  arbitrary,  an 
infinite  number  of  force  diagrams  may  be  drawn  for  the 
same  system  of  forces,  but  they  all  give  the  same  line  of 
action  for  the  resultant  (or  the  equilibrant). 
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10,  To  determine  this  line  of  action,  draw  from  any 
point  .'V.,  Fig.  5  (a)»  on  tlie  line  of  action  AB  of  /%,  two 
lines  PA  and  PB,  parallel^  respectively,  to  the  components 
1  and  J'  of  Fab^  represented  in  the  force  diagrara  by  the 
vectors  ap  and  pb^  respectively.  Notice  that  the  hues  PA 
and  PB  are  denoted  by  capiul  letters  corresponding  to  the 
small  letters  denoting  the  components  /  and  7',  Produce 
PB  to  its  interi>ection  with  DC  at  M,  (the  line  PC  being 
that  line  in  the  space  diagram  having  one  of  its  letters,  B, 
the  same  as  one  of  the  letters  of  the  line  PB  jnst  drawn). 
From  ;!/,  draw  /^C'^  parallel  to  p€^  or  2\  and  produce  it  to  its 
intersection  yl/.  with  CD^  the  latter  being-  that  line  in  the 
space  diagram  one  of  whose  letters,  C  is  the  same  as  one  of 
the  letters  of  the  line  PC  just  drawn.  From  ^f^  draw  PD 
parallel  to  pd^  meeting  D  E  nt  v?/*.  Finally,  from  M^  draw 
PE  parallel  to  pt,  meeting  at  Af  the  line  PA  drawn  from  M^. 
The  line  EA^  drawn  through  y'/ parallel  to  ae,  is  the  line  of 
action  of  either  the  resultant  R  or  the  equilibrant  Q^ 

The  correctness  of  this  construction  is  very  easily  demon- 
strated-  Each  of  the  forces  F^n^  />c,  etc.  can  be  replaced  by 
its  two  components,  as  given  in  the  force  dfag^ram.  The  force 
Fmh  may  be  replaced  by  two  components,  equal,  respectively, 
to  ap  and  pb^  acting  along  the  lines  A  /*and  PB,  and  applied 
anywhere  on  those  lines.  These  components  will  be  desig- 
nated by  F^p  and  />^.  The  force  Fsc  may  be  replaced  by 
its  two  components  Fbp  and  />c.  equal  and  parallel  to  bp 
and  pc^  respectively,  and  acting  along  the  lines  B P  and  PC* 
Similarly,  Foj  may  be  replaced  by  the  components  Fcp  and 
/>£.,  and  FtsK  by  the  components  Fpp  and  Fps.  It  should  be 
noted,  now,  that  the  component  />#  of  F^n  is  equal  and 
opposite  to  the  component  Fpp  of  /vc»  as  is  plainly  shown  by 
the  opposite  vectors  pb  and  bp.  Likewise,  the  component 
Fpc  of  Fhc  is  equal  and  opposite  the  component  Fcp  of  /v^, 
and  the  component  />p  of  Fco  is  equal  and  opposite  to  die 
component  Fo^  of  Ftur,  These  components,  therefore* 
balance  in  pairs,  and  may  be  removed.  This  leaves  the 
system  reduced  to  the  two  forces  Faf  and  Fee,  whose  resultant 
(or   equilibrant)  must   be   the   same   as    the   resultant   (or 
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equilibrant)  of  the  given  forces.  The  line  of  action  of  that 
resultant  (or  equilibrant)  must,  therefore,  pass  through  M^ 
the  point  of  intersection  of  its  two  components.  In  the 
force  diagram,  the  two  components  of  the  equilibrant  Q  are 
represented  by  the  vectors  pa  and  pe^  whose  directions  are 
indicated  by  the  arrows  5'  and  5. 


THE  FUNICULAK  OK  EQUILIBRIUM  POLYGON 

11.  Definition  and  General  Properties  of  the 
Funicular. — The  polygon  M MxMtM:,M^,  Fig.  5  («),  whose 
vertices  are  on  the  lines  of  action  of  the  forces  (the  result- 
ant or  the  equilibrant  included),  and  whose  sides  are  parallel 
to  the  rays  of  the  force  diagram,  is  called  an  equilibrium 
polygon,  a  funicular  polygon,  or  simply  a  funicular  of 
the  given  forces.  Since  both  the  pole  p  of  the  force  diagram. 
Fig.  5  (^),and  the  starting  point  M,  Fig.  5  (a),  of  the  funic- 
ular are  arbitrary,  it  is  evident  that  to  any  system  of  forces 
there  corresponds  an  infinite  number,  of  funiculars.  The 
vertex  M  of  the  funicular,  however,  is  always  on  the  line 
of  action  of  the  resultant  R  or  the  cquihbrant  Q  of  the  given 
forces. 

12.  The  sides  of  the  funicular  are  called  strings.  As 
already  explained,  they  are  the  lines  of  action  of  the  com- 
ponents represented  in  magnitude  and  direction  by  the  rays 
of  the  force  diagram. 

In  the  space  diagram,  the  two  strings  parallel  to  the  rays 
representing  the  components  of  one  of  the  forces  intersect  o?i  the 
line  of  ctction  of  that  force.  Each  string  is  common  to  two  forces 
whose  lines  of  action  haz*c  a  common  letter.  AlsOy  each  string  is 
drawn  between  the  lines  of  action  of  the  two  forces  whose  vector 
representatives  in  the  force  polygon  intersect  on  the  ray  parallel 
to  the  siring  in  qiustion.  Thus,  the  string  P B  is  parallel  to 
the  ray  p  by  and  is  drawn  between  A  B  and  B  C,  whose  corre- 
sponding vectors  ab  and  be  meet  on  the  rzy  pb. 

These  are  convenient  relations  to  remember,  as  they 
facilitate  the  work  of  construction,  making  it  to  some  extent 
mechanical. 
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13.  There  is  another  important  and  useful  property  of 
the  funicular*  namely:  If  any  tivo  slrrngs  of  the  imticular  are 
prodiif^ii,  their  poiut  of  intcrsfction  will  be  a  point  oti  ihe  lint  of 
action  of  ffw  ytsuliant  [or  tfie  cqnilibrani)  of  the  forces  acting 
ifirmigk  the  other  vertices  of  the  new  funicular  thus  formed. 

For  example,  if  /*/?,  Fi^.  T)  (a),  is  produced  to  its  inter- 
section Af  with  /*/f,  a  new  funicular  Af^  /I/,  M^  AP  will  be 
formed,  and  .1/'  will  be  a  point  in  the  line  of  action  of  either 
the  resultant  or  the  etiuilibrant  of  the  forces  F^,  vS,  /".,  acting 
ihrouijh  the  vertices  Af^,  y'/.,  M^,  This  follows  from  the 
general  principles  explained  in  connection  with  the  deter- 
mination of  the  point  Af,  When  the  force  /',  is  left  out  of 
consideration  and  the  funicular  is  constructed,  beginning  at 
/,,  P li  is  its  first  string,  and  the  point  Af  where  this 
string  intersects  the  last  oue  PF:  determines  a  point  in  the 
line  of  action  of  either  the  resultant  or  the  equilibrant  of 
the  forces  considered.  The  magnitude  and  direction  of  the 
resultant^are  given  by  the  vector  de  (not  drawn)  in  the  force 

I  polygon,  Fig,  5  [b). 
14»     The  Funicular  Bs  a  Jotntcd   Franae* — Suppose 
tfie    strings    PA,   PP,   PC,   P D,   P E,   Fig,    5    {a),    to  be 
replaced  by  bars  jointed  at  the  points  ^/,,  ^A,  etc.,  and  sup- 
pose also  the  forces  /^,,  /^i,  /*"j,  /\  and  the  equilibrant  Q  to 
act   at   these  joints,  respectively.     It  is  evident^  then,  that 
the  frame  formed   by  the  bars   will  be  in   equilibrium,  for 
each  force  can  be  replaced  by  two  components— one  along 
each  of  the  bars  at  the  intersection  of  which  the  force  acts. 
But  it  has  been  explained   that»  for  either   component   of 
any  of  the  forces,  there  is  an  equal  and  opposite  component 
of  another  force,  balancing   the    former   component.     For 
example,  the   component  of  F^  along  M^M^  is   equal   and 
pposite    to   the   component    of   F^    along  the    same    line, 
ach  bar  being  thus  in  equilibrium,  the  whole  frame  is  in 
tjuilibrium, 

Tt  is  also  obvious  that  the  equal  and  opposite  components 
cting  along  any  of  the  bars  measure  the  stress  in  that  bar. 
The  following  proposition  may,  therefore,  be  stated: 
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What  a  frame  with  no  dia,^07ial  members  is  in  equilibrium 
under  the  action  of  forces  applied  at  its  joints^  the  frame  is  a 
funicular  of  the  applied  forces^  and  the  rays  of  the  force  diagram 
represent  the  magnitudes  of  the  stresses  in  the  members  of  the 
frame  to  which  they  are  parallel. 

15.  Special  Conditions. — In  the  case  represented  in 
Fig.  5  {b),  the  origin  a  of  the  first  vector  and  the  end  e  of 
the  last  vector  of  the  force  polygon  do  not  coincide.  In 
this  case,  the  forces  have  a  single  resultant  /^  represented 
in  magnitude  and  direction  by  the  vector  ae,  and  whose  line 
of  action  A E,   Fig.  5   (a),  is  determined  by  constructing 


the  funicular  as  explained  above.  Since  PA  and  Pf^"  are 
parallel,  respectively,  to  the  two  intersecting  Vinea pa  im<}pe, 
they  must  intersect  and  thus  determine  a  point  Af  in  the  line 
of  action  of  the  resultant  (or  equilibrant). 

If  the  points  a  and  e  of  the  force  polygon  coincide;  that  is, 
if  the  force  polyon  closes,  the  forces  either  form  a  balanced 
system  or  are  equivalent  to  a  couple.  Which  of  these  two 
conditions  obtains  is  determined  by  means  of  the  funicular 
as  follows: 

1.  In  Fig.  6  is  represented  a  system  of  four  forces,  J^^p, 
Fjtct  ^cDi  and  Fde^  whose  force  polygon  abcde  closes;  that 
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is,  when  Ihe  vectors  ab^  be,  cd,.  and  de  are  drawn  to  repre- 
sent the  giveu  forces,  the  eud  e  of  the  last  vector  de  falls  on 
the  origin  a  of  the  first.  Taking  any  pole  p,  and  drawing 
the  rays  pa^pb^  pc,  and  pd^  the  ray  pe  coincides  with  pa. 
Starting  from  any  point  Af^  on  ^  B^  PA  and  PB  are  drawn 
parallel,  respectively,  to  pa  and^^.  From  Mi,  where  PB 
intersects  PC,  PC  i^  drawn  parallel  to^f,  meeting  CD  at  M^, 
From  y?/.,  PD  \s  drawn  parallel  to  pd,  meeting  PA  at  M^, 
Finally,  from  J/,,  PE  is  drawn  parallel  to  pe.  As  pa  coin- 
ddes  with  pi!,  it  is  evident  that  PA  and  PE  must  either 
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comcide  or  be  parallel.  In  the  case  represented  in  the  figure, 
they  coincide;  this  shows  that  the  given  fcjrces  form  a  bal- 
anced system.  For,  as  already  stated,  the  sitles  of  the  funicu- 
r  are  lines  of  action  of  components  represented  in  magni- 
ude  and  direction  by  the  rays  of  the  force  diagram.  In  the 
ease  constdeied  in  Fig.  5,  all  these  components  balanced  in 
pairs,  except  the  extreme  components  ap  and  p£\  and  this 
left  the  system  reduced  to  two  forces  acting  along  PA  and 
PE,  whose  resultant  was  the  resultant  of  the  given  forces. 
In  the  present  case,  the  components  bpmidpb,  cp  and  pc,  dp 
and  pd  form  balanced  pairs,  as  before;  and  as  the  remaining 
components  <j>  and  ^^are  equal  in  maijuiturle  and  opposite  m 
rection.  and  have  the  same   line  of   action  PA  or  PE. 
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they    balance    each    other.     The    system    is,    therefore,   in 
equilibrium, 

2.  In  Fig*  7  are  represented  ^vq  forces  Fas,  Fbc^  Fcji^  Fde% 
and  Fefx  whose  force  polygon  a /jc^i*/ closes*  the  end  of  the 
vector  ci  coinciding  with  the  origin  of  the  vector  ab*  As 
before,  the  force  diagram  is  completed  by  drawing  the  rays 
from  any  pole  p^  and  then  the  funicular  Af^M^AU,  etc,  is 
constructed.  The  given  forces  can  be  replaced  by  two 
forces  represented  hy  the  vectors^ a  and  Ip  (  =  ap).  Here, 
however,  these  components,  although  equal  and  opposite, 
have  not  the  same  line  of  action,  but  act  along"  the  parallel 
lines  PA  and  P F.  The  system  is,  iherehre^  eguivafcni  to  a 
€oup!c  whose  moment  is  obtained  by  multiplying  the  magniijtde 
of  the  force  represented  by  the  veetor  pa  by  the  perpendicu- 
lar K  L  between  ike  sides  of  the  funicular  parallel  to  that  vector, 

16.  Graplilc  Contlltlons  of  Eqttlltbrlutti. — From  the 
foregoing  discussion,  the  necessary  and  sufficient  graphic 
conditions  for  the  equilibrium  of  any  system  of  coplanar 
forces  follow  at  once.     They  are; 

1.  The  force  polygon  must  close;  for,  otherwise,  the  vector 
drawn  from  the  origin  of  the  first  vector  to  the  end  of 
the  last  (that  is,  the  closing  line  of  the  polygon)  would  give 
the  magnitude  and  direction  of  the  resultant,  which  obviously 
would  not  be  aero. 

2.  The  last  siring  PE^  Fig.  6,  of  ifie  funicular  must  coin- 
cide wifh  the  first  PA]  for,  otherwise^  the  forces  would  be 
equivalent  to  a  couple,  as  explained  in  the  last  article. 

Conversely,  //  the  force  polygmi  of  a  system  of  forces  closes i 
and  the  last  siring  of  the  fttJiicidar  coijtcidcs  with  (he  firsts 
forces  form  a  balanced  system, 

NoTS. — When  tlif  funicular  Is  spoken  of,  any  funicular  that  la  drawn 
is  meant. 

17.  Parallel  Forces- — When  the  given  forces  are  all 

parallel,  the  construction   is  much  simplifiecl,  as   in  such  a 
case  the  force  polygon  reduces  to  a  straight  line.     In  Fig.  8^j 
F^s,  Ftc,  Fee,  Fps,  and  F^f  are  given  parallel  forces  acting 
along  the  lines  A  B,  B  C,  etc.  in  the  direclioos  shown  by  thft: 
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arrows.  It  should  be  noted  that  letters  which  are  common 
to  the  lines  of  action  of  two  forces  are  written  only  once  and 
placed  between  the  two  lines  to  which  they  are  common. 
This  is  often  done  when  there  is  no  danger  of  confusion; 
otherwise  it  is  preferable  to  repeat  the  letters,  as  in  the 
funicular  MiM^M,,  eTc-»  shown  in  the  same  fi^re.  Were 
there  no  lines  crossing  the  polygon,  it  would  be  sufficient  to 
write  the  letter  P  once  anywhere  inside  of  it.  In  the  present 
case,  however,  this  might  be  confusing. 

To  construct  the  force  diag^ram,  draw  an  indefinite  line  X  K, 
Fig.  8  (/O,  parallel  to  the  common  direction  of  the  forces. 
From  any  convenient  point,  as  a,  lay  off  the  vector  ab  to 
represent  F^b  (no  arrowhead  is  necessary,  as  the  direction 
of  the  vector  is  indicated  by  the  order  of  the  letters  a  and  b). 
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From  S  lay  off  the  vector  Ar  to  represent  Fscl  from  c  lay  off 
the  vector  cd  Xo  represent  /vn;  and  so  on  for  the  other 
forces.  The  last  vector  is  f/,  representing  Fsf-  The  clo- 
sing line  of  the  polygon  is  the  line  a/  joining  the  origin  of 
the  first  vector  with  the  end  of  the  last.  The  resultant  of 
the  given  forces  is,  therefore,  represented  in  magnitude  and 
direction  by  af\    the   equiHbrant,  by  fa. 

The  line  of  action  A  Foi  the  resultant  {or  the  equilibrant) 
is  found  in  the  usual  manner,  by  selecting  a  pole  p^  drawing 
the  rays  Pa,  pf>,  etc.,  and  then  constructing  the  funicular 
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GENERAL  SOLUTION  OF  SOME 
IMPORTANT  PROBLEMS 


PROBLEMS  ON  CONCURRENT  FORCES 

18.  Problem  I. —  To  resolve  a  force  into  two  components 
along  lines  ineeting  mi  the  line  of  action  oi  the  force. 

This  problem  has  been  of  constant  occurrence  in  Analytic 
Staticsy  and  its  graphic  solution  has  been  indicated  as  a  neces- 
sary step  in  the  analytic  solution.     It  is  repeated  here  as 
a  review  of  the  principle   of  the  parallelogram   of  forces 
T^  and  the  derived  principle  of  the 

I  triangle  of  forces,  which  princi- 

ra---2 — j£ -tP—^j  pies  form  the  foundation  of  all 

/  y^i  graphic  methods. 

I  /     \  Let  F,  Fig,  9,  be  a  force  acting 

I  y^         I  at  O,  and  let  A\  K,  and  -V.  K.  be 

f       y^  vx.  lines  along  which  it  is  desired 

I  /  I  to   resolve  /^     The  resolution 

ji*^ m 1^,  may  be  accomplished  by  draw- 

;  ing  from  A  the  line  A  At  parallel 

Pio.  9        ^'  to   Ka  A',,  meeting  A\  V,  at  At; 

or  A  At  parallel  to  }',  A'.,  meeting  A'.  K,  at  A^.  In  the  former 
case,  the  component  OA^  =  F,  along  A'l  K,  is  determined  in 
magnitude,  position,  and  direction,  and  the  component  At  A 
=  Ft  in  magnitude  and  direction,  its  position  being  under- 
stood to  be  OAt,  along  A',  y,;  in  the  latter  case,  OA,  =  Fn 
is  determined  in  magnitude,  position,  and  direction,  and  A,  A 
=  Ft  in  magnitude  and  direction,  its  position  being  under- 
stood  to  be  OAt  along  A',  K,. 

Usually,  it  is  not  necessary  to  show  the  components  in 
position,  and  then  either  of  the  triangles  OAAt,  OAA^  is 
sufficient  for  the  solution  of  the  problem.  Should  it  be 
desired  to  show  the  component  in  position,  it  is  better  to 
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construct  the  two  triangles,  or  the  parallelogram  OAtA^f 
The  components  can  also  be  determined  by  means  of  one 
iriang'le,  as  OAAi,  and  then  OA,  —  A,  A  may  be  laid  off 
along  O  y\  without  drawing  A  A,, 

The  last  remark,  be  it  understood,  refers  to  the  case  in 
which  the  components  are  lo  be  shown  in  position  in  the 
space  diagram.  Usually^  however,  as  has  been  repeatedly 
observed,  it  is  neither  necessary  nor  convenient  to  show  the 
magnitudes  of  all  the  forces  in  the  space  diagram,  and  the 
geomeiric  constructions  are  better  effected  separately.  This 
is  almost  invariably  done  in  the  graphic  solution  of  static 
problems,  and  the  principle  of  the  triangle  of  forces,  from 
which  the  polygon  of  forces  is  directly  derived,  is  used> 

19*  The  general  method  used  in  graphic  statics  for  the 
solution  of  the  problem  stated  and  solved  above  is  as  follows: 

Let  the  given  force 
be  F^ff,  Fig.   10,  and  c 

let  the  Hnes  of  action 
of  the  required  com- 
ponents be  B  C  and 
CA.  At  any  cod- 
venieni  place  draw  a 
vector  ad  to  repre- 
sent /]**.  From  4Tand  ii  draw  the  indefinite  lines  a^  and^<r^', 
parallel,  respectively,  to  ^  C  and  B  C  and  meeting  at  e.  The 
vectors  «f  and  r ^»  both  in  non-cyclic  order  with  ad,  are  the 
required  components  of  /^^b* 

30*  Problera  11. — /«  a  balancea  system  of  concurrent 
forces^  the  Unes  of  acfmt,  magnitudes^  and  directions  of  nil  the 
(ones  but  (it'O  are  known,  and  also  the  lints  of  action  of  the  other 
iwa.  It  ts  required  to  find  the  ma^iiiudes  and  directions  of 
these  two. 

Let  the  forces  be  six,  of  which  Fah^  F^Cf  Feu,  Foe, 
Fig.  11  (a),  are  completely  known,  while  of  the  other  two, 
only  the  lines  of  action  A/^and  A  F are  knrjwn.  Starting  at 
any  convenient  point  a.  Fig.  11  (^),  draw  the  force  polygon 
fi  bf  de  for  the  known  forces*    Through  a  draw  the  indefinite 
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line  €L^ P^  parallel  to  A  F oi  Fig,  11  (a)\  and  through  e  draw 
the  iadefinite  line  e^  f'\  parallel  to  EF  oi  Fig.  11  (a),  and 
intersectingr  of  f*  at  /".     Then  will  ef  and  fa  be  the  required 


Fto.  U  '/ 

forces,  the  arrows  being  marked  so  that  each  vector   will 
be  in  cyclic  order  with  the  two  between  which  it  lies. 


FROBXiEMS  ON  NON-CONCURRENT  AND  ON 
PARAIiLEL.  FORCES 

21.  Problenn  m. — A  rigid  body  is  in  eguiiibrium  undef 
thi  action  oi  several  (ones  of  which  ail  but  two  are  wtt&ily  known. 
Of  (he  clfitr  two,  ifu  lifie  of  action  of  om  and  a  point  in  the  line 
of  action  of  the  other  are  knoimi.  It  is  required  to  determine 
completely  the  two  latter  fones. 

Let  the  forces  be  six,  of  which  Fas,  Fue^  Fen,  and  Fde  are 
entirely  known,  as  shown  in  Figf.  12  {a).  Of  the  fifth  force 
FBf>'y  only  the  line  of  action  E F  is  known;  and  of  the  sixth 
force  Ffa*  only  a  point  Af^  on  its  line  of  action  is  known. 

Draw  the  force  polygon  a  bcde^  Fig.  12  {^),  for  the  known 
forces^  and,  taking  any  pole/,  draw  the  rays  pa,  pd^  fie,  pd^ 
and  pe.  Through  e  draw  the  indefinite  !ine  r'  /  parallel  to 
the  given  line  of  action  EF,  Construct  the  funicular  for  the 
given  forces,  drawing  the  first  string  PA  so  that  it  will  pass 
through  /*/„  which  is  done  by  drawing  PA  through  M^  and 
parallel  Xo  pa,  to  meet  AB  at  ^,,  and  then  drawing  PB^ 
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PC,  etc,  in  the  usual  manner.  The  string  PE^  from  the  last 
of  the  known  forces  D  £^  meets  the  given  line  of  action  of 
£Fzi  Af^.  Draw  Aft  Aft,  and  from  the  pole  p  draw  pf  par- 
allel to  AfiAf^,  raeeling  f'/'  at  /*  Finally,  draw  fa:  then  will 
the  vector  ^  /  represent  Pff  and  the  vector  /a  will  represent 


^ 
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]m,  the  required  force  through  /'/»-     The  line  of  action  of 
the  latter  force  is  PA^  drawn  through  Af^  parallel  to  fa, 

22*  tSpec'lttI  Case  of  tlie  Preceillnsr  Problemj  Four 
Forces.— An  important  special  case  of  the  preceding  prob- 
lem is  that  in  which  the  number  of  forces  is  four,  and  the  lines 
of  action  of  the  two  completely  known  forces  intersect.  The 
solution  may  be  effected  either  by  the  general  method 
explained  above,  or  by  the  following  special  method: 

Let  P^a  and  P/ic^  Fig;.  LS,  be  the  wholly  kno\vn  forces; 
r/?,  the  line  of  action  of  one  of  the  partly  unknown  forces; 
and  A\  a  point  in  the  hne  of  action  of  the  other. 
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First  determine  the  resultant  J?  of  Fab  and  Fbc^  by  the 
force  triangle  adc.  The  line  J//y  drawn  parallel  to  ac 
through  the  intersection  H  oi  A  B  and  B  C,  is  obviously  the 
line  of  action  of  R.  It  is  also  obvious  that  R  is  the  equili- 
brant  of  the  yet  unknown  forces  Fcd  and  Fad-  These  three 
forces  must,  therefore,  be  concurrent,  so  that,  if  /  is  the 

intersection  of  HJ  and 
CD,  the  line  of  action  of 
Fda  is  determined  by 
joining  K  to  /.  Having 
the  lines  CD  and  DA, 
the  force  polygon  is 
completed  by  drawing 
cd'^  parallel  to  CD, 
and  a  d*  parallel  to  A  D, 
The  intersection  of 
these  two  parallels  is 
the  fourth  vertex  of 
the  force  polygon. 

23.     Problem  IVs 
Folygonal  Frame. — A 

polygonal  frame  (thai  is^ 
a  frame  without  diagonal 
members)  is  in  eguilib' 
rium  under  the  action  of 
forces  acting  at  the  joints. 
P'°-  13  *     Of  these  forces,  one  is 

wholly  known,  and  the  lines  of  action  of  all  but  one  of  the  others 
are  known.  It  is  required  to  determine  the  unknown  elements  of 
the  forces  not  wholly  known,  and  also  the  magnitudes  and  char* 
acters  of  the  stresses  in  the  members  of  the  frame. 

Let  JiJ^J^J^J^Jt,  Fig.  14,  be  the  given  frame,  /]<j,  the 
force  that  is  wholly  known,  and  B  C,  CD,  D  E,  EF\he  lines 
of  action  of  the  forces  acting  at  y„  /,,  etc.  The  force  Ffa 
acting  at  7.  is  entirely  unknown.  The  letters  B,  C,  D,  it 
will  be  noted,  are  written  only  once,  each  in  the  space 
bounded  by  the  lines  to  which  the  letter  is  common;   the 
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letters  A  and  /T  are  repeated  for  convenience*  The  letter  P, 
beingf  common  to  all  the  sides  of  the  frame  (since  these 
sides^  as  explained  in  Art.  14^  form  the  strings  of  the  fimic- 
alar  of  the  forces  Fah.  Fbcx  etc-),  is  written  only  once,  tn  the 
center  of  the  polygon. 

The  forces  Fab^  Fnc,  etc.  are  external  forces,  which  induce 


Fio.  H 

in  the  bars  internal  forces.  The  latter  occur  in  pairs,  each 
pair  consisting  of  the  equal  and  opposite  forces  acting  along 
a  bar.  Either  of  these  forces  measures  the  stress  in  the  bar. 
In  the  general  problems  solved  smd  discussed  in  previous 
articles,  the  funicular  has  not  been  given^  and  the  pole  of  the 
force  diagram  has  been  assumed  arbitrarily.  Here,  how- 
ever, the  pole  is  determined  by  the  data.     Having  drawn  the 
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vector  ad  =  F^b,  the  rays  from  a  and  b  must  be  parallel  to 
the  strings  PA  and  PB,  respectively — that  is,  to  J,  J,  and 
y,  y„  Therefore,  if  from  a  and  /'  are  drawn  ap'  and  bp'* 
parallel,  respectively,  to  AP  and  B P,  their  inlersection /^ 
will  be  the  pole.  The  next  line  in  the  force  polygon  must 
be  parallel  to  ^C  and  the  next  ray  must  be  parallel  to  PC. 
Therefore,  if  bc^  and  pc^\  parallel^  respectively,  to  B  C  and 
PC,  are  drawn,  their  intersection  c  will  be  the  end  of  the 
vector  dc^  representing  >^c*  Likewise,  the  intersection  t/  of 
the  lines  a/'  and  /^",  parallel,  respectively ^  to  C/)  and  PD^ 
is  the  end  of  the  vector  rd  representing  /vo.  The  forces 
/>/r  and  Piry  are  determined  in  the  same  manner.  Finally, 
the  dosing  vector  fa  of  the  force  polygon  determines  /^^  in 
magnitude  and  direction. 

24.     The  stresses  in  the  members  are  determined  by  the 

rays  oi  the  force  diagram.  If,  for  instancej  the  two  members 
PB  and  PA  meeting  at  the  joint  y,  are  cut  by  a  plane  A',  Kj, 
and  the  part  at  the  right  of  A',  Y'^  is  removed,  the  part  on  the 
left  will  be  in  equiUbntun  under  the  action  of  the  force  y^**, 
and  two  forces  (now  considered  as  external)  acting  along 
PA  and  PB;  the  latter  two  forces  measure  the  stresses  in 
those  two  members.     (See  Analytic  Siaiks^  Part  U 

Now,  in  the  force  diagram,  ah  represents  pAn^  and,  since 
bp  and  pa  are  parallel,  respectively,  to  PB  and  PA^  or  J^Jm 
and  y,  y*,  the  vectors  hp  and  pa^  taken,  as  indicated  by  the 
order  of  the  letters,  in  cyclic  order  with  a  by  will  represent 
the  equilibrants  of  F^s  along  the  lines  y,  J,  and  y,  y».  and 
will,  therefore,  measure  the  stresses  in  PB  and  PA^  respect- 
ively. These  stresses  w^ill  be  designated  by  the  notation  Spu-, 
Sf>A'  Their  characters  are  easily  determined  by  the  directions 
of  the  vectors.  Thus^  when  the  portion  of  the  frame  at  the 
right  of  A'l  K,  is  removed  and  the  forces  bp  and/ a  are  applied, 
respectively,  at  the  intersections  of  A',  Yi  with  Ji.Jt  and  yjy*, 
it  is  seen  that  bp,  whose  direction  is  from  y,  to  J,,  acts 
away  from  the  joint,  showing  that  the  stress  in  PB  is  a 
pulL  The  force  pa,  on  the  contrary,  will  act  toward  the 
joint  Jvi  which  shows  that  the  stress  in  PA  is  a  thrust. 
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The  stresses  in  the  other  members  are  determined  in  a 
similar  manner. 

25.  stress  l>lfi^i-am. — It  will  be  noticed  that,  for  the 
determination  of  the  stresses,  the  triangle  formed  by  each 
vector  of  the  force  polygon  and  the  rays  drawn  to  its  extrem- 
ities is  considered  as  a  force  triangle.  If  there  were  more 
than  one  external  force  acting  at  any  joint,  the  polygon 
formed  by  the  v^ectors  representing  these  forces  and  by  the 
rays  parallel  to  the  members  meeting  at  the  joint  would  be 
used  as  a  secondary  force  polygon,  the  same  as  the  force 
triangle  has  been  used  above. 

When  the  force  diagram  is  employed  as  a  combination  of 
force  polygons  for  the  determination  of  stresses,  it  Is  called 
a  stress  dlagn"ain.  If  each  joint  of  the  frame  is  denoted 
by  the  letters  indicating  the  members  meeting  at  the  joint, 
the  triangle  having  corresponding  letters  in  the  stress 
diagram  will  be  the  force  triangle  for  Lhat  joint.  Thus»  the 
joint  J^  may  be  called  joint  D E P^  and  the  triangle  dtp  in 
the  stress  diagram  is  the  force  triangle  for  the  equilibrinm 
of  the  forces  acting  at  y,,  from  which  triangle  the  stresses 
S^o  and  Sf^n  are  determined. 

Arrowheads  might  be  drawn  on  the  rays  of  the  stress 
diagram  to  indicate  the  direction  in  which  forces  represented 
by  those  rays  are  to  be  applied  to  the  members  cut;  but,  as  la 
this  case  each  ray  would  have  two  arrows  pointing  in  opposite 
directions,  these  arrows  might  prove  a  source  of  confusion. 
Besides,  the  arrowheads  of  the  force  polygon  are  sufScient 
for  the  determination  of  the  directions  of  the  forces  repre- 
sented by  the  rays.  Consider!  for  example,  the  joint  ^u  or 
A  B P,  whose  cgrresponding'  force  triangle  is  a  6 p.  Since,  in 
this  triangle,  the  vectors  must  be  in  cyclic  order,  and  since 
the  origin  and  the  end  of  the  vector  a  6  are  known,  the 
direction  of  each  of  the  other  two  vectors  follows  at  once. 
The  end  &  o(  a  d  must  be  the  origin  of  the  next  vector,  which 
is,  therefore,  dp  and  nut/^.  Likewise,  the  other  vector  is 
pa  and  not  a/. 
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IliIiUSTRATlVE  EXAMPI.es 

26,  Triangular  Truths,— A  tnang"ular  frame  or  truss 
J^J^Ji,  Fig,  1-5,  supported  at  the  joints  7,  and  /,>  which  are 
on  the  same  horizontal  line,  carries  a  weight  of  800  po\tnds 
at  the  upper  joint  7,.  The  dimensions  being  as  shown,  it  is 
required  to  determine  the  reactians  of  the  supports,  and  also 
the  stresses  in  the  three  members  of  the  truss. 

Owing  to  the  symmetry  of  the  structure,  the  reactions, 
supposed  to  be  vertical,  are  each  equal  to  one-half  the  load, 
or  400  pounds.  Their  lines  of  action  are  indicated  by  AB 
and  BC,     The  line  of  action  of  the  applied  weight  is  the 


Fro.  Ifi 

vertical  A  C  through  y„  For  convenience,  the  magnitude 
and  direction  of  this  weight  are  represented  by  a  vector  with 
its  arrowhead  pointing  toward  y,  from  above.  The  notation 
does  not  require  any  explanation,  as  it  is  the  same  notation 
used  in  previous  articles, 

As  explained  in  Art.  14,  the  truss  JiJ^Jj  is  a  funicular  of 
the  forces  F^t,,  Fbc*  Fac'^  and,  as  explained  in  Art.  35,  the 
stress  diagram  is  a  combination  of  force  trf^ngles,  each  of 
which  consists  of  vectors  representing  the  forces  acting  at  a 
joint.  Starting  with  the  joint  7,,  the  vector ub  —  Fab^  and  the 
rays  ap  and  ph,  parallel,  respectively,  to  the  members  A  P 
and  PB^  are  drawn.  These  rays  meet  at  the  pole  p,  Thea 
bp  and  pa  will  represent  Sf^p  and  5"^^,  respectively.  Since  bp^ 
when  applied  along  B  A  points  away  from  the  joint  y„  the 
stress  Ssi'  is  a  pulL     The  force  pai  on  the  contrary,  when 
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applied  along  PA,  is  directed  toward  the  joint,  which  shows 
that  SpA  is  a  thrust. 

The  line  /r"  may  be  drawn  parallel  to  PC  to  meet  be' 
(parallel  to  B  Q  and,  in  this  case,  in  line  with  3  if)  at  f,  and 
the  triangle  Sep  will  give  both  />c  and  the  stress  ia  PC; 
but  this  is  not  necessary,  as,  owing  to  the  symmetry  of 
the  truss,  F^n  =  F^c*  and  Spa  =  *S>c. 

27.  StraU?  XTsed, — In  the  solution  of  this  problem,  a 
scale  of  1  icch  to  the  fool  was  used  for  distances,  making 
the  drawing  of  the  truss  12  inches  long  and  3  inches  high. 
For  the  forces,  a  scale  of  10()  pounds  to  the  inch  was  used, 
making  a&  4  inches  Jong-  If  all  the  stress  diagram  acp  had 
been  drawn,  this  scale  might  have  been  inconveniently  large; 
but  only  the  diagram  atp  for  the  joint  ABP  or  J^  was 
drawn^  this  being  sufficient,  as  already  explained.  For  this 
kind  of  workj  a  decimally  graduated  triangular  scale  (one 
having  scales  divided  into  tenths,  twentieths,  thirtieths,  etc. 
of  an  inch)  is  preferable  to  the  scales  used  in  ordinary 
mechanical  drawing.  The  scale  of  fortieths  is  a  convenient 
one  to  use.  In  the  present  case,  Vir  inch  represented 
2.6  pounds,  and  assuming  that  the  drawing  was  correct 
within  iV  inch,  the  forces  determined  by  it  may  be  con- 
sidered correct  within  2  or  3  pounds.  The  line  bp  was 
found  by  actual  measurement  to  be  8  inches,  and  the  line;* a, 
8fi  inches.  Denoting,  therefore,  compression  and  tension 
by  the  plus  and  the  minus  sign,  respectively, 

5^^  ^  -  8  X  100  =  -  8CW  pounds, 
Sap  =  5^/-  =  -h  81^  X  100 
=  -h  (800  +  37  X  2.5)  =  +  893  pounds,    - 

No  fractions  of  a  pound  are  written,  as  the  results  can- 
not be  expected  to  be  exact  within  less  than  2  or  3  pounds. 

In  the  solution  of  static  problems  by  graphic  methods,  as 
large  a  scale  as  possible  should  be  employed.  The  draftsman 
should  use  his  judgment  as  to  the  degree  of  approximation 
attained.  If,  for  instance,  he  thinks  that,  on  an  average,  the 
lengths  of  the  lines  are  correct  within  s^  inch,  he  may  measure 
them  in  inches  and  fiftieths,  and  consider  the  forces,  obtained 
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m  this  manner,  as  correct  within  about  as  many  pounds  or 
tons  as  are  represented  by  tu  inch^  according  to  the  scale  used. 
Thus,  if  the  scale  used  is  1  ton  to  rhe  inch,  a  length  of  i^  inch 
will  represent  A  toa  =  ^&Jf^  pounds  =  40  pounds;  and  a 
line  found  to  measure  4^  inches  in  length  will  represent 
4  X  2,000  +  7  X  40  ^  6,280  pounds,  within  a^ui  40  pounds. 


28,  Roof  Truss,— A  roof  truss  J^  /,  y,,  Fig.  16t  with 
dimensions  as  shown,  is  loaded  at  the  joints  in  the  manner 
indicated  in  the  figure.  The  supports  y,  and  y,  are  on  the 
same  level,  the  member  (7/',.  or  y,y,,  is  horizontal,  and  the 
members  P,  P,  and  A  A  are  perpendicular,  respectively,  to 
y^yp  and  Jt-f,  at  Ihctr  middle  points.  The  forces  acting  at 
the  joints  are  supposed  to  he  the  resultants  of  weights,  and 
act,  therefore,  vertically.  The  reactions  /^ac  and  Fcf  are  also 
supposed  to  be  verlicaL  It  is  required  to  determine  the 
magnitudes  of  these  reactions  and  the  mag:nitudes  and 
characters  of  the  stresses  in  the  members  of  the  truss> 

From  the  symmetric  distribution  of  the  forces,  each  reac- 
tion is  equal  to  one-half  their  sum;  that  is,  F^c  —  Fcf  =  2,000 
pounds.  It  will  be  observed  that  each  triangle  in  the  truss 
is  designated  by  a  single  letter^  common  to  the  lines  of  the 
triangle.  Also^  the  lines  yy,  y^y^  -/*-/*  have  the  common 
letter  G.  The  reason  for  this  is  that  in  the  force  diagram 
the  rays  parallel,  to  the  three  sides  of  each  triangle  radiate 
from  a  common  point,  and  that  the  rays  parallel  to  J^J^^ 
JtJtt  and  yy.  also  radiate  from  a  common  point,  as  will  be 
seen  presently. 

For  the  determination  of  the  stresses,  any  joint  may  be 
taken  ai  random,  and  the  force  polygon  for  the  forces  acting 
at  that  joint  constructed,  provided  that  all  the  forces  but  two 
are  known.  Usually,  one  of  the  joints  at  the  supports  is  the 
most  convenient  to  begin  with,  not  only  because  the  stress 
diagram  is  thus  more  methodically  constructed,  but  also 
because,  in  the  majority  of  cases*  the  joints  at  the  supports 
are  the  only  ones  for  which  the  force  polygon  can  be  con- 
structed independently  of  the  force  polygons  corresponding 
to  the  other  joints. 
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Starting  with  J^,  there  are  four  forces  acting  at  that  joint; 
namely.  F^a-,  FjtM-,  Sg^f,  and  Sp^o-  Of  these*  the  first  two  are 
known;  therefore,  the  olher  two  may  be  determined  by  con- 
structing the  force  polygon  gabpsg,  a5  in  the  problem 
solved  in  Art.  23;  thai  is,  by  drawing,  to  any  convenient 
scale,  ga  —  Fi^A  =  2,000  pounds;  a^  =  F.^/t  =  500  pounds. 
and  then  from  S  a  parallel  dp^^  to  B Px,  and  frora^  a  parallel 

1000  i^. 

n  _^      liooo  M.  _ 


^^"  to  G  Ft,  meeting  Ifp/  at  /,.  As  CA  and  ^  ^  are 
parallel  Cor.  in  this  case,  coincident  )^  the  vectors  ^a  and  a  A 
run  along  the  same  line,  but  in  opposite  directions.  The 
lengths  of  the  lines  dp^  and  pi^,  multiplied  by  the  scale  of 
reduction,  give  5*/-,  and  Srjti-  If  bp^  were  applied  along 
^/*,,  its  diret^iion  would  be  toward  the  joint  7,;  and,  if  ^,^ 
were  applied  along  P,  (7,  its  direction  would  be  away  from 
joint  -/,.  Hence,  S/,j^f  is  a  thrust  and  Sp,g  a  puil;  that  Is*  B  P^ 
is  ID  compression,  and  /^,  G  is  in  tension.     It  is  to  be  repeated 
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here  ih^:.  in  determining  Ssp,  and  Spo-  what  has  been  really 
ce:ern:ined  in  either  case  is  one  of  the  two  equal  and  oppo- 
sire  forces  constituting  the  stress  in  the  member  in  question; 
the  force,  namely,  consisting  in  the  action  of  the  member 
oc  the  joint  considered.  Thus,  the  vector  6pt  represents 
che  action  of  the  member  B  P^  on  the  joint  y,.  As  stated  in 
Tanocs  other  places,  the  members  B  P,  and  Pt  G  may  be 
irnagrced  cat  by  a  plane  A'>\  and  the  force  polygon,  as 
cocstmcted.  gives  the  external  forces  bp^  and  p^g  that  must 
be  applied  at  the  intersections  of  A'  V  with  Jt  y,  and  y  y  in 
order  to  balance  x^  and  ab.  These  forces  represent  the 
actfor.  exerted  by  the  part  of  the  truss  at  the  right  oi  XY 
OS  the  part  at  the  left,  which  action  is  transmitted  along  J^J^ 
and  J^J..  The  action  of  the  part  of  the  truss  at  the  left 
of  X  y  on  the  part  at  the  right  is  equal  and  opposite  to  the 
auction  before  referred  to;  so  that,  if  the  equilibrium  of  the 
part  on  the  right  is  considered,  the  external  forces  that  must 
be  applied  to  the  members  cut  must  be  equal  and  opposite  to 
tho^e  introduced  when  the  equilibrium  of  the  other  part  was 
coti-^idered;  and,  therefore,  in  the  construction  of  the  force 
pT/lTgon.  the  vectors  bp^  and  pt^  may  be  used,  but  with  their 
d:recc:on.s  reversed,  in  which  case  they  become  A  ^  and^^,, 
respectively.  The  same  thing  may  be  expressed  by  saying 
tha:  the  actions  of  a  member  on  the  joints  at  its  extremities 
are  e'Tial  :n  magnitude,  but  opposite  in  direction. 

The  joir.t  y,  is  to  be  considered  next.  The  forces  acting 
r/r,  :t  are  />,».  Fbc,  Fcp.,  and  Fp>p:,  of  which  only  the  last 
tTTo  are  unknown.  In  the  stress  diagram  already  drawn, 
^.  *  =  Sp:a.  Laying  off  be  =  Fee  =  1.000  pounds,  and 
cra-a-ir.g  from  p,  and  c  parallels  to  /*,  P,  and  C P^.  respect- 
v/t'.j,  ptbcp.px  is  determined  as  the  force  polygon  for  the 
joir.t  y,*  this  determines  Sep.-  and  Sp.p;, 

Srj^  pass  to  y.  for  which  5'../>.  and  Spsp,  are  known  and 
represented  in  the  stress  diagram  by  gp^  and  AA  (notice 
the  order  of  the  letters).  Drawing  /.A  a°d  ffp^^  parallel, 
re!iper;:ive:v,  to  /*,  P,  and  G  A.  ji:pt  A  /•>  A*"  is  determined  as 
the  for.e  p.Iygon  for  the  joint  y,  from  which  SptPs  and  Sc#j 
can  be  determined. 
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Since  the  truss  is  symmetrical,  it  is  not  strictly  necessary 
to  draw  the  rest  of  the  stress  diagram.  When  space  permils, 
however,  it  is  advisable  to  complete  the  dtagrain,  as  this 
affords  a  good  check  on  the  work.  For  joint  y,,  one  force, 
Fcoi  is  given,  and  two,  Spip.  and  Sp^c^  have  already  been 
determined,  These  forces  are  represented  by  cd,  p,p,,  and 
p^e*  The  lines  dp^  and^»^*,  parallels  respectivelyj  to  D P^  and 
jP.  A,  complete  the  polygon  p^p.  fd  p^p^  for  the  joint  y>,  or 
P%P^  CDP^Pi.  If  the  work  has  been  accurately  done,  there 
must  obtain  dp^  —  cp^,  p^p^  —  p,P:t.  The  construction  of 
the  polygon  for  the  joints  7,,  7,,  and  J,  is  left  as  an  exercise 

(for  the  student. 
It  win  be  again  noted  that  the  force  polygon  for  any  joint 
has  the  same  letters  as  the  lines  meeting  at  the  joint,  and 
that  the  directions  of  its  vectors  are  obtained  by  starting  with 
one  whose  direction  is  known  and  taking  the  others  in  cyclic 
order.  Thus,  for  the  joint  7^,  or  D£ P»P^D,  the  polygon 
is  dept^p^d.  The  direction  of  ep,,  shows  that  E P^  is  in 
compression,  etc.  In  the  case  of  J,,  where  there  is  no 
external  force  applied,  it  will  be  observcLl  that  the  direction 
^Lof  the  vector  parallel  to  /*,  G  must  be  opposite  what  it  is  for 
"the  joint  /i.  Now.  for  this  joint,  the  force  polygon  i^gabp^g^ 
in  which  the  vector  parallel  to  P^  G  i^  p^g.  Therefore^  the 
direction  of  the  vector  represented  by  the  same  line  in  the 
polygon  for  /,  must  be  gp,,  and  the  direction  of  the  other 
vectors  is  determined  as  above. 

By  actual   measurement,  the  following  resultst   which  the 
^student  should  verify,  have  been  found: 
H  SsPi  =  SsPs  —  +  6,150  pounds 

^k  Scpj  =  S/>/*f  =  H-  5,850  pounds 

^^^^^^^  ScFi  —  S&fs  —  —  5,850  pounds 

^^^^^B  S^ifii  —  Spsj>,  =  +     950  pounds 

^^^^^^  Sr^rj^  Spff^,^  —  2,600  pounds 

^^^  Sr.pj  ^  -  3,350  pounds 

H^    These  results  are  correct  within  about  30  pounds.    Besides 
Hfhe  construction  of  the  diagrams*  ihe  work  should  be  checked 
"by  the  method  of  sections  (see  Analytk  Siatics,  Part  2).     If 
the    truss  is   cut  by   the    plane  Z  6^,  intersecting   the   three 
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members  (TA,  /*, /■»,  and  /*,  G,  and  moments  are  taken  about 
J»^  we  get,  remembering  that  Fga  =  2,000  pounds, 

2,000  X  25  -  500  X  25  -  1,000  X  12,5  -  AV,  X  7.5  =  0 


whence, 


J  CjFj  ^ 


25,000 
7.5 


=  3,333  pounds 


which  differs  but  little  from  the  result  found  graphically  and 
given  above. 

29*  The  vectors  representing  the  external  forces  have 
been  drawn  as  they  have  been  required.  Usually,  however, 
it  is  better  to  begin  by  constructing  the  complete  force 
polygon  (in  this  case  a  straight  line)  for  the  external  forces, 
This  procedure  is  strictly  necessary  when  the  reactions  are 
to  be  determined  graphically, 

30.     Cratib. — A  weight  of  12  tons  is  supported  by  a  crane 
•'•fSa^  consisting  of  a  mast 

or  post  £Jt*  Fig.  17» 
that  fits  and  may  turn 
in  a  socket  in  a  block 
BL;  an  inclined  post 
or  Jib  J^/,,  from 
which  the  weight  is 
.  suspended;  a  stay 

either  a  rod  or  a  rope, 

and  the  bac^kstuy 

-^■*^^mm^^<^^^^mm0^m^^m  J^J^^  which  also  may 
Pi«-iT  ij^  either  a  rod  or  a 

rope,  and  is  fastei^ed  to  a  horizontal  plank  7*  A'  The  inclina- 
tions of  the  various  members  to  the  vertical  are  shown  in  the 
figure.  In  order  to  avoid  bending  andi:psetting,  it  is  desir- 
able that  the  resultant  of  the  external  forces  applied  at  the 
crane  should  be  vertical  and  pass  through  the  support  E  of 
the  post.  To  accomplish  this  end,  weights  W,,  \W  are  placed 
on  y.  A'  to  counteract  the  upsetting  effect  of  the  eccentric 
load  acting  through  7,,  These  weights  are  supposed  to  be 
equal  and  placed  at  equal  distances  from  /,,  so  that  their 
resultant    W  may   be   treated   as   a    single   weight   acting 
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through  /j.     It  is  required  to  find  the  weight  IVt  the  reaction 
at  £.  &nd  the  stresses  in  the  various  members. 

As  usual,  external  forces  are  assumed  to  act  at  the  tnter- 
seclions  of  the  center  lines  of  the  members  directly  affected 
by  iherUt  and  internal  forces  along  those  center  lines. 
Fig,  18  shows  a  skeleton  diagram  of  the  crane,  and  a  force 
diagram  whereby  the  weight  IV  =  ^cj,  the  reaction  F/tc  at  */», 
and  the  stresses  in  the  members  are  determined.  The  nota- 
tion need  not  be  explained.  To  determLne  /^bc  and  Fc^,  the 
J, 


Fio.  1» 

method  explained  in  Art.  17  is  used.  Having  drawn  an 
indefinite  vertical  line  A' K,  the  vector  aS  =  Fab  =  12  tons 
is  laid  off  anywhere  on  itt  to  a  convenient  scale.  A  pole  />  is 
chosen,  and  the  rays  fia  and  pd  are  drawn.  From  any 
point  .1/.  on  A  B,  M,M,,  or  PB^  is  drawn  parallel  to  pb. 
meeting  BCnt  M,]  Af^Aft  is  draum  parallel  lo  pa,  meeting 
C'i  at  -Va-  Through  p^  the  line  /r  is  drawn  parallel  to  Afy  J/,» 
meeting  X  Y  at  c.     Then,  be  =  F/tc  and  ca  ==  F^^  —  W. 

Starting  now  with  7,,  the  force  polygon  abp^a  is  con- 
structed in  the  usual  manner  by  drawing;  bp^  and  ap^  paral- 
lel, respectively,  lo  B  P^  and  A  P^.     The  construction  of  the 
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polygons  for  the  other  joints  is  effected  as  in  Art.  28, 

results,  which  the  student  should  verify,  are  as  follows; 

IV  =  FcA  =  49.2  tons,  F„c  =  61,2  tons 

Sbp,  =  +  40.2  tons,  SpjA  =  -  32.8  tons 

Spjp^  =  +  32.8  tons,  Sp^a  =  -  66.8  tons 

Spjc  =  +  28.4  tons. 

Note. — Since,  in  this  case,  the  directions  of  the  members  are  given 
by  angles,  the  stresses  are  independent  of  the  height  of  the  crane. 


EXAMPI^E    FOR    PRACTICE 

The  derrick  represented  in  Fig.  19  supports  a  load  of  12,000  pound* 
at  Ji.  The  dimensions  being  as  given,  find  the  reactions  at  Jt  and  J, 
and  the  stresses  in  the  members. 

f i?wc-  =  9.240  lb.;  iPcfi  =  18,440  lb. 
AnsA  ^\iPt  =  -  9,240  lb.;  Sapj  -  10,000  lb. 

[SpfP,  =  +10,600  lb.;  SpjB  =  +10,000  lb. 


190001b, 


Note.— In  tliift  case,  ^/'z  Is  the  line  of  action  of  the  reaction  aXJi.  The  throe 
external  forces  acting  on  the  derrick  are  the  load  at  J\  and  the  reactions  at  Ji  and  71. 
Since  three  forces  that  are  in  equilibrium  must  be  concurrent  (ue  Analytic  Statict, 
Fart  2),  the  line  of  action  of  the  reaction  at  J2  must  pass  throuffb  the  point  of  irxtet' 
section  of  A  Pz  and  the  vertical  A  B  (line  of  action  of  the  suspended  weieht). 
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GRAPHIC    DETERMINATION    OP 
MOMENTS 


GENKRAIi  CA6B 
31.     Moment  of  a  Force  About  a  Point. — Let  Fab% 

Fifif.  20,  be  a  force  whose    moment   about  a  point  O  is 
required.    The  shortest  and  most  direct  method  of  obtainins^ 


Pio.  30 

the  required  moment  in  this  simple  case  is  to  measure  the 
perpendicular  ON  from  the  point  O  to  the  line  AB,  and 
multiply  it  by  the  mas^iitude  of  the  force.  There  is.  however. 
another  method,  which  finds  its  application  in  cases  in  which 
the  force  itself  is  not  given,  but  in  which  its  components  or 
its  eqnilxbrants  alon^^  given  lines  are  known. 
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Draw  the  vector  ah  —  F^u,  asstime  the  pole  p,  and  draw 
the  rays  pa  and  P6;  also,  ph,  perpendicular  to  ad*  From 
any  point  J  on  A  B  draw  the  strings  PB  and  PA^  and 
throu£;h  the  gfiven  point  O  draw  A'  B*  parallel  to  A  B^  meeting 
PA  and  P  B  at  A'  and  /.,  respectively.  Draw  J I  perpen- 
dicular to  A* B^  and  AB,  and,  therefore^  equal  to  ON, 
If  the  required  moment  is  denoted  by  M^  we  may  wnte^ 
M  =  F^B  X  ON  ^  ab>:JI  (a) 

The  similar  triangles /A*/,  and;*rt^  give 

tA  =  i^^abxJl  =  phy^ICL 
ph        J  J 

Comparing  the  second  of  these  equations  with  {a)^  we  get 
M  =  ph  kKL  (b) 

It  is  obvious  that,  so  long  as  the  pole/  remains  the  same, 
the  distance  K L  is  independent  of  the  position  of  the  point  J 
from  which  the  strings  are  drawn.  For,  if  any  other  point, 
as  -/,,  is  taken  and  the  strings  drawn  as  shown^  intersecting" 
A*  B*  at  A',  and  Z.^  the  triang^les  J^A\L^  and  JKL  are 
equal,  and,  therefore,  A*,  A,  =  K L,  The  distance  K L  varies 
according  to  the  position  of  the  pole;  but,  since  ^/ can  have 
but  one  value,  it  follows  from  (i)  that  the  product/ A  X  ^ l^ 
is  constant. 

32<  The  Intercept. — The  distance  K L^  Fig*  20,  is 
called  the  intfrcrpt  of  the  force  Fab^  with  respect  to  the  point  O 
and  the  pole  p.  The  following  general  definition  may,  there- 
fore, be  given:  The  Intercept  of  a  force  with  respect  to 
a  given  point  O  in  the  space  diagram,  and  a  given  pole  p  in 
the  force  diagram,  is  the  segment  that  the  strings  of  the 
force  intercept  on  a  line  drawn  through  the  given  point 
parallel  to  the  line  of  action  of  the  force. 

33,     The  Normal  Ray. — In  the  triangle  abp^  the  vectors 

ap  and  pb  represent  the  components  of  F^g  in  directions 
parallel  to  ^ /^  and  PB.  Each  of  these  components  can  be 
resolved  into  two  resolutes:  one  along  the  tine  of  action  of 
the  given  force,  and  one  perpendicular  to  that  line.  The  reso- 
lutes of  ap  are  ah  and  hp,  and  those  of  ^^  are  ph  and  h  b. 
The  line  hp  represents,   irrespectively  of  its  direction,  the 
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magnitude  of  either  of  the  two  resohUes  perpendicular  to 
^4  B,  and  will  be  called  the  uoritial  rny  of  the  force  flia- 
This  term  is  here  introduced  as  more  lug:ical  and  consistent 
than  the  term  po/e  distance,  used  by  other  writers  on  graphic 
Statics. 

34.  Moment  of  a  Force  In  Terras  of  the  Intercept 

imd  the  Normiil  Kay, — If  the  normal  ray  is  denoted  by  /"«, 
and  the  intercept  by  i,  equation  {b)  of  Art.  31  may  be 
written  M  =  /\  i. 

In  words^  the  moment  of  a  force  about  a  point  is  egnnl  to  the 
proiiuft  oi  the  uortnal  ray  ami  the  intt'ncpt  of  the  force,  boifi 
referred  to  the  same  pole. 

The  true  magnitude  of  the  normal  ray  is  found  by  muki- 
plying"  the  length  of  the  line///  by  the  scale  of  forces,  and 
the  true  length  of  the  intercept  i  is  found  by  multiplying  the 
length  of  K L  by  the  scale  of  distances.  Thus,  if  the  forces 
are  laid  off  to  a  scale  of  10(D  pounds  to  the  inch,  and  j&A  is 
found  to  measure  2.75  inches,  then  F\,  wilt  be  2,75  X  100 
=  275  pounds.  If  the  scale  of  distances  is  20  feet  to  the 
inch,  and  ML  is  found  to  measure  Vo  inch,  then  i  will 
be  20  X  A  =  4,5  feet.  These  values  in  the  formula  give, 
M  T=  275  X  4,5  =  1,237.5  foot-pounds. 

35.  Rc^itttunt  Moment  of  Several  Forces- — Since 
the  resultant  moment  of  several  forces  about  any  point  is 
equal  to  the  moment  of  the  resultant  of  the  forces  about  the 
same  point,  it  can  be  found  ^graphically  by  the  method 
explained  above,  after  the  resultant  of  the  forces  has  been 
determined.  As  an  example,  let  it  be  required  to  find  the 
resultant  moment  of  the  forces  f^s,  /^r.  /'ci»,  and  Fog, 
Fig,  21»  about  the  point  O.  The  force  polygon  abcdea, 
constructed  in  the  usual  manner,  gives  the  inagnitude  and 
direction  of  the  resultant^  represented  by  the  vector  ae. 
The  funicular  J^J^J^J^J  is  next  constructed,  A  parallel  to 
at  drawn  through  J  would  be  the  line  of  action  of  the  result- 
ant; but  it  is  not  necessary  to  draw  tliat  line.  The  stringrs 
of  the  resuhant  are  ^7  P  and  P R^  and  they  intercept  the  seg- 
ment K L  on  a  line  drawn  through  O  parallel  to  ae\  therefore, 
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K L  is  the  intercept  of  the  resultant.  The  normal  ray  of  the 
resultant  is /A,  perpendicular  to  a€\  therefore,  the  required 
resultant  moment  is/ A  X  KL^  care  being  taken  before  per- 


Pio.  21 

forming  the  multiplication  to  make  the  proper  reductions, 
according  to  the  scales  used. 


PARAIiliEL  FORCES 

36.  The  Practical  Problem. — The  foregoing  method 
finds  its  most  common  and  useful  application  in  the  case  of 
parallel  forces,  such  as  the  weights  acting  on  a  structure. 
The  problem,  as  it  occurs  in  practice,  may  be  stated  in  the 
following  general  terms: 

Given  a  balanced  system  of  parallel  forces,  required  the 
resitlkint  moment^  aboni  any  point  in  the  plane  containing  the 
forces^  of  all  the  forces  on  either  side  of  the  poiitt. 

Let  Fab^  Faci  etc.,  Fig.  22,  be  the  given  forces;  pabcdy 
etc.  their  force  diagram;  and  JxJ%J%,  etc.,  the  corresponding 
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funicular.  As  the  forces  are  all  parallel^  they  all  have  the 
same  normal  my  />A,  which  is  also  the  normal  ray  of  the 
resultant  of  any  number  of  them.  Let  it  be  required  to  find 
the  resultant  moment,  about  a  point  O^  of  all  the  forces  on 
either  side  of  that  point. 

The  forces  being  in  equilibrium,  the  resultant  moment  of 
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the  forces  on  either  side  of  O  is  equal  in  magnitude,  but 
opposite  in  sjgrn,  to  the  resultant  moment  of  the  forces  on 
the  other  side  (see  Anaiyii^  Stalks),  The  resultant 
moment  of  the  forces  acting  on  the  left  of  O  will  be  deter- 
mined. Since  the  resultant  of  the  forces  Fab^  F&cv  Fcp,  and 
Fo£  must  be  parallel  to  these  forces,  the  line  OZ,  drawn 
through  O  parallel  to  A  B,  BC,  etc.,  is  parallel  to  the  line  of 
action  of  the  resultant.  The  funicular  for  the  forces  on  the 
left  of  O  has  PA  for  its  first  string  and  PE  for  its  last 
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string;  in  other  words,  PA  and  PE  are  the  strings  of  the 
resultant  of  those  forceSi  and,  therefore,  K L  is  the  intercept 
of  that  resultant.  The  magnitude  of  the  required  moment 
is,  therefore,  pkx  K L.  The  magnitude  and  direction  of 
the  resultant  of  the  forces  under  consideration  are  given  by 
the  vector  ae^  which  shows  that  the  resultant  acts  upwards 
(in  the  drawing),  Its  Ime  of  actioti^  which  passes  through 
the  intersection  of  PA  and  PE^  lies,  in  this  case,  at  the  left 
of  O,  From  these  conditions,  it  follows  that  the  resultant 
moment  is  right-handed. 

The  preceding  conclusion  as  to  the  magnitude  and  direc- 
tion of  the  moment  can  be  directly  arrived  at  as  follows: 
Produce  PB^  P C^  and  PD  to  their  intersections  /.,,  Z,„  Lm 
with  OZ.  Then,  by  definition^  the  intercepts  of  F^p^  Fact 
Fcp,  and  Fde  arCf  respectively,  A'Z.^^  E,  L,^  A,  £.^  E,E,  and 
the  moment  of  the  resultant  of  the  four  forces  is  (paying 
due  regard  to  signs), 

-\-p/i  X  A^A,  -  fik  XE.L,  -phX  L,L,  -\-fihX  E,E 
=  p/t  (AV„  -  A.  A,  -  E,L,-\-  L.L)  =  -\-pA  X  KE 
as  found  before,  the  positive  sign  indicating  that  the  result* 
ant  moment  is  right-handed^ 

37.     Deternilnatton  of  the  Intercept  by  the  Funlc- 

iitiir,— 'It  follows  from  the  foregoing  that,  when  several 
paralii'l  forces  art  in  eguilibriuni^  ike  tntercspt^  with  respect  to 
any  point  of  their  ptane^  of  the  resulta7ii  of  aU  the  forces  on 
either  side  of  the  point,  is  the  same  as  the  segmeui  iniereepted  by 
Uic  funictdar  mi  a  line  drawn  fhrongh  the  given  point  paraHel 
to  the  fommon  direcfioti  of  the  forres. 

This  is  a  very  useful  rule,  which  finds  its  most  important 
applications  in  problems  relating  to  the  strength  of  materials* 

38*  Seleotlon  of  tlie  Nornml  lUxy* — Since  the  position 
of  the  pole  in  the  force  diagram  is  arbitrary,  it  is  convenient 
so  to  select  it  that  the  normal  ray  will  be  a  convenient  num- 
ber to  multiply  by.  To  accomplish  this,  it  is  sufficient  to 
choose  any  point  h  in  the  force  polygon  (this  applies  to 
parallel  forces  only)  and  draw ///^,  normal  to  the  vectors  of 
the  polygon,  making  it  represent,  to  the  scale    of   forces 
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used,  a  force  of  100,  1,000,  10,000  units  (pounds,  tons,  etc.) 
or  some  other  number  easy  to  be  used  as  a  multiplier. 
Thus,  if  the  scale  of  forces  is  500  pounds  to  the  inch, /A  may 
be  conveniently  made  equal  to  2  or  4  or  6  inches,  so  that  it 
will  represent  a  force  of  1,000,  2,000,  or  3,000  pounds, 
respectively. 
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STRESSES  IN  BRIDGE  TRUSSES 

(PART  1) 


INTRODUCTION 


DEFINITIONS  AND  GENKRAL   CONSIDERATIONS 


BEAMS    AND    GIRDERS 

1-  Wooden  aud  Steel  Beams.- — The  principles  govern- 
ing the  use  of  beams  in  supporting  loads  are  fully  discussed 
in  Strajgihoi  Maieriah^  Part  L  For  short  spans,  beams  are 
sometimes  made  of  timber  and  are  of  solid  rectangular  cross- 
section*  the  same  cross-section  beine:  used  throughout  the 
span.  This  is  the  most  economical  form  when  light  beams 
can  be  used.  The  rectangular  cross-section  is  not  economi- 
cal, however,  when  heavy  beams  are  required;  it  must  be 
made  large  enough  to  resist  the  maximum  bending  moment. 
and,  as  this  occurs  near  the  center  of  the  span,  some  material 
B  wasted  by  making  the  cross-section  uniform,  since  no  sec- 
tion between  the  center  and  the  ends  has  to  withstand  so 
great  a  stress  as  the  section  at  the  center.  For  very  heavy 
toads  and  long  spans,  it  is  more  economical^  when  beams  are 
used  at  all,  to  use  steel  beams.  On  account  of  the  danger  of 
fire  and  the  frequent  cost  of  renewal  attending  the  employ- 
ment of  timber,  steel  beams  are  now  almost  exclusively  used 
in  permanent  structures,  even  though  their  original  cost  may 
be  many  times  that  of  wooden  beams. 

2*  I  Beanis. — Where  the  bending  moment  is  compar- 
atively  small   and  a   low  value   of   the   section  modulus   is 

Cotjirtgfded  Ay  tnUrn^iomat  Trxiboak  Coitfiamr.    EnterM  at  Slatitnurs'  /fati,,  Ijxndon 


STRESSES  IN  BRIDGE  TRUSSES 


§67 


.75^  fsang^ 


sufficient,  rolled-steel  beams  of  utiiform  cross-section  are 
used,  the  material  in  the  section  beinif  so  distribated  as  to 
give  a  comparaiively  large  value  of  the  section  modulus  for  a 
given  amount  of  material.  Since  the  top  and  bottom  of  the 
beam  are  farthest  from  the  neutral  axis,  as  much 
material  as  possible  is  concentrated  in  these 
parts.  The  beam  whose  cross-section  is  shown 
in  Fig.  1  fulfills  this  condition,  and,  on  account 
of  its  form,  is  called  an  I  beam*  The  hori- 
zontal part  at  the  top  and  bottom  are  called 
the  flaxi^ros^i  and  the  vertical  part  is  called 
the  web*  I  beams  are  rolled  in  various  sizes 
up  to  24  inches  in  depth.  For  lengths  not 
exceeding  25  feet^  the  I  beam  is  the  most  economical  form 
of  steel  beam,  but  above  this  length  too  many  rolled  beams 
are  required  to  resist  the  bending  moment,  so  that  a  single 
deeper  beam,  made  as  explained  in  the  next  article,  is  more 
economical* 
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3,  Plate  Glrtlers. — The  name  plate  pflrdei*  is  given 
to  a  beam,  usually  of  steel,  that  has  the  same  general  form 
as  an  1  beam,  but  is  composed  of  several  pieces,  igpr/an^ 
The  cross-section  of  such  a  beam  is  shown  in 
Fig,  2,  The  vertical  part  consists  of  a  plate 
called  the  iveb;  while  the  top  and  bottom  parts, 
which  consist  of  plates  and  angles,  are  cailed 
the  rian^tis.  Plate  girders  are  generally  used 
for  spans  of  25  to  100  feet»  and  occasionally  for 
greater  lengths. 

The  span  of  a  plate  girder  is  the  horizontal 
distance  from  center  to  center  of  its  supports;  the  depth  is 
the  vertical  distance  between  the  outer  surfaces  of  the  angles 
that  form  a  part  of  the  flanges.  Experience  shows  that  the 
most  economical  plate  girder  has  a  depth  of  *from  one*seventh 
to  one-eighth  of  the  span.  The  usual  practice  for  railroad  and 
highway  bridges  is  to  niake  the  depth  one-eighth  to  one-tenth 
of  the  span,  although  the  depth  is  frequently  made  as  small 
as  one-twelfth.    These   latter   proportions  require   heavier 
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sections  than  the  former,  and  are,  therefore^  very  wasteful  of 
material.  For  spans  over  100  feet  in  length,  it  is  impossible 
to  get  sufficient  depth  for  an  economical  section,  and  the 
girder  is  so  heavy  that  it  is  difficult  to  handle*  For  these 
reasons,  plate  girders  are  unadaptable  to  spans  over  100  feet 
in  length,  except  Under  special  conditions. 

4,  In  the  best  modern  practice,  the  top  and  bottom  flanges 
of  a  plate  girder  are  made  parallel  throughout  the  entire 
length  of  the  girder,  and  are  riveted  to  the  web.  The  section 
of  the  flange  is  decreased  from  the  center  toward  the  end, 
and  so  no  material  is  wasted,  as  the  flanges  at  any  point  are 
just  large  enough  to  resist  the  maximum  bending  moment 
that  can  occur  at  that  point.  In  the  past,  plate  girders  were 
built  with  curved  fSanges.  The  curve  was  usually  made  a 
parabola,  and  the  flange  cross^section  was  constant  from 
end  to  end.  There  is  no  additional  economy  in  the  use  of 
girders  with  curved  or  inclined  flanges.  Conditions,  however, 
sometimes  require  that  the  ends  be  made  shallower  than  the 
center,  in  which  case  one  of  the  flanges  is  inclined  near  the 
end  oE  the  girder.  The  web  of  a  plate  girder  is  very  thin  and 
requires  to  be  stiffened  at  intervals  with  angles  riveted  to 
the  sides  of  the  web  to  prevent  it  from  buckling.  This 
subject  will  be  more  fully  treated  elsewhere. 

5.  Lattice  Girder* — The  lattice  i^lrder  is  sometimes 
used  for  the  same  span  length  as  the  plate  girder,  and 
resembles  the  latter  in  that  it  has  flanges,  usually  parallel,  at 
the  top  and  bottom,  which  decrease  in  size  from  the  center 
toward  the  end  of  the  girder.  Instead  of  the  solid  web.  how- 
ever, there  is  an  open-web  system,  consisting  usually  of 
angles  running  diagonally  from  lop  to  bottom  in  both  direc- 
tions, and  riveted  to  vertical  plates  that  project  from  between 
the  vertical  legs  of  the  flange  angles.  The  lattice  girder 
belongs  to  a  special  class  of  structures  called  ff^fssifs,  which 
are  designed  to  act  as  beams  for  any  span  length,  but  are 
most  frequently  and  economically  used  for  spans  over  100  feet 
in  length.  Lattice  girders,  however,  are  somewhat  used  for 
highway  bridges  for  spans  much  less  than  100  feet. 
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TIIK    TRri54S 

(5*  Dfflnltlon. — A  triij^s  itiliv  be  defineil  as  a  framework 
composed  of  straight  pieces,  called  iiieiiibers,  so  connected 
as  to  act^  to  a  gfreat  extent,  as  -a  ri^id  slnicture.  Trusses, 
like  beams,  are  designed  to  support  loads. 

The  intersection  of  two  or  more  members,  where  they  are 
connected  or  joined  to  each  other,  is  called  a  Joliit. 

While  the  truss  as  a  vvl^ole  resists  the  effect  of  the  applied 
forces  in  much  the^i.^e'hianner  as,tbe  shear  and  the  bend- 
ing moment  are  rtteisted  by  a  stilT'./jcam,  each  individual 
member  of  the  truss  is  subjected  only  to  direct  tensile  or 
compressive  stresses  in  the  direction  of  its  length.  In  order 
that  this  may  be  the  case,  the  applied  forces  are  resolved 
into  components  acting  at  the  joints  of  the  truss. 

The  simplest  form  of  truss  is  a  triangle,  and  any  truss  is 
merely  an  assemblage  of  connected  triangles.  As  the  tri- 
angle is  a  rigid  figure  whose  form  cannot  change  so  long  as 
the  length  of  each  of  its  sides  remains  the  same,  it  is  the 
primary  and  essential  element  of  the  truss. 

7*  Truss  Meiiibors. — The  upper  members  of  a  truss^ 
such  as  B  Ct  CD,  etc.^   Fig.    '6^   taken   together  form   the 
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upper  chord  of  the  truss;  the  lower  members ^  such  as  a^^ 
Sc,  etc.,  taken  together  form  the  lower  chortl.  The  other 
members  of  the  truss,  which  lie  between  and  connect  the 
upper  and  lower  chords,  are  called  web  lueniln-rf*.  The 
end  web  members  ^J?  and  F^  are  called  end  posts.  The 
intermediate  inclined  web  members,  such  as  Be  and  Cd,  are 
called  <ltafifonal»« 
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8.  Panel,  ^pui),  ami  llci|^ht,^-A  imiiel  is  a  sub- 
division of  a  truss  between  two  consecutive  joints  in  a 
chord-  The  joints  are  often  called  the  patiel  paints. 
The  length  of  a  panel  is  called  the  i>aufl  leu^tli.  In 
Fig.  3,  the  points  b,Cydj  etc.  are  the  joints  or  panel  points, 
a^  is  th&  panel  leagth,  and  the  truss  is  a  six-panel  truss. 
Usualljr,  the  panel  lengths  of  a  truss  ai^e  equal. 

9.  The  spaa  of  a  truss,  for  purposes  of  stress  computa- 
tion, is  to  be  taken  equal  to  the  horizontal  distance  between 
the  end  panel  points,  as  shown  in  Fig:.  3. 

10.  The  helfflit,  or  depth,  of  a  truss,  for  purposes  o| 
stress  computation,  is  to  be  taken  equal  to  the  vertical  dis- 
tance between  the  joints  of  the  chords,  as  shown  in  Fig.  3. 

1 1»    The  three  dimensions  just  given — panel  length,  span 

length,  and  depth  of  truss — bear  a  relation  to  each  other 
thai,  to  a  certain  extent^  decides  the  type  of  truss  to  be  used. 
Engineering  experience  has  shown  that  for  the  greatest 
economy  the  depth  of  truss  should  be  about  one-sixth  of  the 
length,  and  that  the  diagonal  web  members  should  make  an 
angle  with  the  vertical  of  about  40*^,  The  panel  lengths  most 
frequently  used  He  between  15  and  25  feet.  These  values 
need  not  be  strictly  adhered  to;  there  may  be  a  reasonable 
departure  from  them  without  seriously  increasing  the  cost  of 
the  truss.  From  the  span  length,  the  depth  and  panel  length 
are  so  chosen  as  to  satisfy  the  economical  conditions  as  far 
as  possible, 

13,     Kfnds  of  TruBsea. — A  symmetrical   truss  is  a 

truss  that  can  be  cut  at  the  center  into  two  parts  exactly 
alike,  If  it  could  be  folded  at  the  center  on  itself  in  such  a 
manner  that  the  two  ends  would  come  together^  all  corre- 
sponding members  in  the  two  halves  of  the  truss  would 
coincide.      Nearly  all  trusses  are  symmetricaL 

13.  A  simple  truss,  like  a  simple  beam,  is  one  that 
is  supported  only  at  the  ends.  A  contliiiions  truss  and  a 
cantilever  truss  are,  likewise,  similar  to  the  corresponding 
forms  of  beams. 
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14.  ParaUel-chord  trusses  are  trusses  in  which  the 
upper  and  lower  chords  are  parallel.  In  these  trusses,  the 
panel    lengths    are  usually  equal  ^ad    all   Ihe  diagonal  web 


members    have    the    same  inclination   {see   Fig^a.  3  and  4). 
The  parallel-chord  truss  is  especially  adapted  to  short  spans. 

15>  In  lucliucd-cliord  trusses,  which  are  used  for 
long  spanSj  the  depth  at  the  center  and  the  panel  length  are 
so  chosen  that  the  web  members  Tiear  the  center  make  an 
angle  with  the  vertical  of  less  than  40*^,  The  panels  are 
made  the  same  length  throughout  the  bridge^  but  the  depth 


Pfo.  6 

of  the  truss  is  decreased  at  each  panel  point  from  the  center 
toward  the  end,  inclining  one  or  both  of  the  chords,  thereby 
making  the  web  members  slope  differently,  those  near  the 
end  making  an  angle  with  the  vertical  of  more  than  40°. 
This  saves  material  near  the  end  of  the  truss  by  shortening 
the  heavy  web  members^  and  at  the  same  time  allows  an 
economical  depth  to  be  used  at  the  center  of  the  truss. 


Pl9.  6 

When  the  joints  of  the  chord  are  in  a  straight  inclined 
line,  the  chord  is  called  an  IncUnoU  cUord,  and  the  truss, 
an  Inclined -chord  truss.  When  the  joints  of  the  chord 
are  on  a  curve,  the  chord  is  called  a  cui'ved  ciiord,  and  the 
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truss,  a  cupred-cliopa  trass.  The  chord  is  not  reaHy 
curved^  the  members  being  straight  between  the  joints.  An 
Inclined  or  a  curved  chord  gives  &  graceful  outline  to  a 
truss;  on  this  account  an  inclined-  or  a  curved-chord  trass  is 


Pto.  1 

preferable,  from  an  esthetic  standpoint,  to  a  parallel-chord 
truss.  Examples  of  inclined*  and  curved-chord  trusses  are 
shown  in  Fi^s.  5,  6,  and  7. 

16,  Mtiltlple-Byatem  Trusses.-^For  long  spans,  the 
chords  are  sometimes  made  parallel  and  the  diagonal  web 
members  are  continued  across  two  or  more  panels.    Trusses 


of  this  kind  are  called  multlple-^tut^rt^ectioti,  or  mnl- 
tlple-systenii,  trusses^  When  the  diagonals  extend  over 
two  paneUt  the  truss  is  called  a  <louble-iiitorsectiou,  or 
double^s^stem,  truss;  when  the  diagon^s  extend  over 
three  or  four  panels,  the  truss  is  called  a  trtple*  or  quad- 
ruple-system trubSt  and  also,  to  some  extent,  a  Lattice 


Fta.  & 

truss.     The   arrangement   has  also  been  used  in   trasses 
with  curved  and  inclined  chords. 

The  multiple-system  truss  allows  an  economical  choice  of 
both  the  center  depth  and  tbe  slope  of  the  diagonals,  with- 
out making  it  necessary  to  increase  the  length  of   panel. 
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Trusses  of  this  type  are  objectionable,  however,  because  the 
stresses  cannot  be  found  directly  by  the  ordinary  conditions 


FtQ.   10 

of   equUibrium.      Examples  of  multiple-system  trusses   are 
shown  in  Figs.  8,  9,  and  10. 

IT.     Subdivided-Pauel  Trusses. — Another  method  of 
obtaining  economy  iu  the  depth  at  the  center  and  in  the  slope 


Pio.  11 


of  the  diagonals,  without  increasing  the  length  of  the  panel, 
is  to  subdivide  the  inain  panels  of  the  trass  by  adding 
Secondary  verticals  ^  or  secondary  verticals  and  diagonals. 


This  arrangement  of  members  is  made  use  of  to  a  consid- 
erable extent  in  both  parallel-  and  curved-chord  trusses,  and 
is  very  satisfactory.     Any  truss  with  subdivided  panels  is 


Pin,  13 

called  a  subdivlcled-pancl  tru!$»*     Examples  of  this  type 
are  shown  in  Figs.  11,  12,  and  IS. 

18,  The  term  prlriler  bridge,  or  truss  brldf^e,  is 
the  name  usually  applied  to  a  bridge  simply  resting  on  sup- 
ports at  the  same  level,  so  that  the  reactions  due  to  vertical 
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loads  are  vertical  This  distin^ishes  the  truss  bridge  from 
the  arch  and  the  suspeasion  bridge,  in  which  the  reactions 
are  not  vertical. 

19.  Ptn-conoected  trusses  are  those  in  which  the 
several  members  that  meet  at  a  joint  are  connected  to  each 
other,  and  transmit  their  stresses,  by  means  of  an  accurately 
turned  pin,  somewhat  resembling  a  large  bolt,  which  is  made 
to  fit  very  closely  into  holes  drilled  through  the  ends  of  the 
members.  This  affords  a  simple  and  convenient  method  of 
connecting  the  members.  As  the  connection  acts,  to  some 
extent,  like  a  large  hinge,  it  allows  each  member  to  adjust 
itself  in  the  line  of  its  stress  without  developing  large  bending 
stresses.  In  this  type  of  truss,  each  member  is  practically 
£nisbed  at  the  shop;  and,  in  erecting  the  bridge  at  its  site, 
the  members  are  assembled  and  connected,  and  the  structure 
completed,  in  the  shortest  possible  time  and  with  the  mini- 
mum amount  of  field  labor.  Owing  largely  to  this  fact,  this 
type  of  truss  is  the  standard  in  America  for  long  spans.  The 
pin-connected  truss  is  well  adapted  for  both  highway  and 
railroad  bridges  over  150  feet  in  length, 

20.  Riveted  trusses  are  those  in  which  the  several 
members  that  meet  at  a  joint  are  riveted  to  each,  other,  and 
transmit  their  stresses  by  means  of  connecting  plates  called 
^ii^f^etSf  to  which  all  the  members  at  the  joint  are  riveted. 
The  tendency  of  the  best  modem  practice  is  toward  such 
details  as  will  give  great  rigidity,  and  for  this  reason  the 
riveted  truss,  which   is   very  rigid,   is  coming  into   general 

ise  for  the  shorter  spans  to  which   trusses  are  adapted.     It 
is  used  for  highway  and   for  railroad  bridges  for  spans  up 

I  to  about  150  feet  in  length. 
21,  Line  of  Action  of  Stress  In  a  Trums  Member. 
The  stress  in  each  member  of  a  truss  is  considered  to  act  in 
a  direct  line  between  the  centers  of  the  connections.  The 
member  itself  should,  therefore,  be  straight,  and  the  connec- 
tions at  its  extremities  should  be  as  nearly  as  possible  on  a 
line  passing  through  the  center  of  grav^ity  of  its  cross-section. 
The  pins  in  a  pin-connected  truss  are  located  on  lines  passing 
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nearly  through  the  centers  of  gravity  of  the  members,  and 
the  stresses  are  therefore  all  direct  stresses.  There  is  some 
eccentricity  in  the  connections  of  a  riveted  truss,  due  to  the 
fact  that  the  members  are  connected  to  large  gusset  plates; 
and,  although  the  center  lines  of  all  the  members  at  any 
joint  intersect  in  the  same  point,  the  centers  of  the  conneC' 
tions  are  not  coincident;   this  causes  eccentric  stress. 

22.  Btross  Sheet. — ^For  all  purposes  relating  to  the 
investigation  of  the  stresses  iti  the  members  of  a  truss,  each 
member  is  represented  by  a  straight  line  indicating  the  line 
of  action  of  its  stress.  A  stress  sheet  of  a  bridge  is  a 
skeleton  drawing  in  which  the  members  of  the  bridge  are 
shown  by  straight  lines,  which  occupy  positions  on  the  drawings 
corresponding  to  the  positions  of  the  members  in  the  bridge. 
On  the  stress  sheet  are  shown  the  arrangement  of  floor  and 
lateral  systems,  with  the  spacing  of  stringers  and  trusses; 
the  span  length,  number  of  panels,  panel  length,  and  depth 
of  truss;  the  len^hs  of  diagonals;  the  assumed  dead^  Hve» 
and  wind  loads^  «ind  the  panel  loads  and  reactions  resulting 
therefrom;  and  the  maximum  and  minimum  stresses  in  each 
member  due  to  the  assumed  loads.  The  amount  of  material 
required  In  each  member,  and  the  different  parts  that  form 
the  cross^sectiou  of  the  membeiv  are  sometimes  shown  ou 
the  stress  sheet. 

TRUBS   AND  FLATE-GIRDER  BRIDGES 


MAIK    FARTS 

23,  The  main  parts  of  a  truss  bridge  or  of  a  plate-girder 
bridge  are:  (1)  two  longitudinal  vertical  trusses  or  two-plate 
girders,  such  as  have  been  described  in  the  foregoing  articles; 
(2)   ^ /io&r  system;  (3)   a  laUra/ sysiem, 

24,  The  Floor  Syetetn* — The  traffic  on  a  bridge  Is  cat^ 

ried  by  a  floor^  which  transfers  the  load  to  the  longitudinal 
trusses  or  girders  on  the  sides*  In  a  highway  bridge,  the 
floor  usually  consists  of  planking  resting  ou  longitudinal 
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Joists^  or  stringers,  and  of  cross- girders  called  floor- 
iK'ntiis,  which  support  the  stringers  and  transfer  the  load  to 
the  trusses  at  the  panel  points.  In  a  railroad  bridge,  the 
floor  usually  consists  of  wooden  rail  ties,  longitudinal  string- 
ers, and  floorbeams.  In  some  truss  bridges,  the  floor  joists, 
or  the  ties,  rest  directly  on  tbe  chord  members*  thus  produ- 
cing bending  stresses  }n  these  members  in  addition  to  the 
direct  stresses.  These  bending  stresses  must  be  separately 
computed  and  added  to  the  direct  stresses.  This  subject, 
however,  will  be  left  for  subsequent  treatment;  it  will  here 
be  assumed  that  the  floor  system  transfers  the  load  to  the 
trusses  at  the  joints,  and  that,  therefore,  the  load  acts  at  these 
pt^ints  only.  The  complete  analysis  of  a  bridge  includes  the 
analysis  of  the  stresses  in  the  various  parts  of  the  floor 
system,  as  well  as  in  the  members  of  the  trusses. 

25*     Tlie  Jjtttoral   System. — The   lateral   forces   acting 

on  a  bridge  are  resisted  by  lateral  trusses  lying  in  the  planes 
of  the  chords  and  connected  to  the  latterj  these  trusses  trans- 
mit all  lateral  forces  to  the  supports.  In  addition  to  this, 
there  are  transverse  braces,  or  frames^  at  each  panel  point, 
which  are  made  as  deep  as  the  conditions  will  allow.  The 
transverse  brace,  or  frame,  at  the  end  is  placed  in  the  plane 
of  the  end  posts  and  is  usually  called  the  portal  brace,  or 
simply  the  portal.  

CLASSIFICATION    OF    BRIDGES 

26.  There  are  several  ways  in  which  bridges  may  be 
classified.  One  of  the  most  common  is  to  classify  them 
according  to  the  position  of  the  floor  or  roadway  with  respect 
to  the  chords.  In  this  classification,  bridges  are  divided  into 
three  general  types,  namely;  ihrffugh  britiges,  deck  bridges^  and 
half'throHgh  bridges, 

27*  Throiiprh  bridges  are  those  that  support  their  floors 
or  loads  at  or  near  the  level  of  the  bottom  chord,  and  have 
room  for  a  system  of  lateral  bracing  between  the  top  chords 
without  interfering  with  the  traffic.  The  loads  pass  between 
the  trusses,  or  through  the  bridge.     Bridges  of  this  typ^ 
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require  very  little  space  below  the  floor,  and,  therefore,  the 
locations  to  which  Ihey  are  adapted  are  very  common. 
Where  trusses  are  of  such  a  height  that  vertical  transverse 
fratnes  may  be  put  in  between  the  web  members  above  the 
overhead  clearance  line,  they  are  sometimes  spoken  of  as 
high-iruss  bridges, 

28*  Deck  bridges  are  those  that  support  their  floors  or 
loads  at  or  near  the  level  of  the  upper  chord.  In  bridges  of 
this  class,  all  portions  of  the  structure  are  entirely  below  the 
floor.  For  long  spans,  the  locations  to  which  they  are 
adapted  are  not  very  common.  Deck  bridges  are  more 
economical  than  any  other  type  of  bridge,  and  are  used 
wherever  conditions  permit. 

29,  The  chord  that  supports  the  floor  system  is  called 
the  loaded  chord;  the  other,  the  iinlouded  oliord.  In 
a  through  bridge,  the  loaded  chord  is  the  lower  chord;  in  a 
deck  bridge,  the  loaded  chord  is  the  upper  chord. 

30.  lIalf*throusrh  bridges  are  those  that  support  their 
floors  or  loads  at  some  elevation  intermediate  between  the 
top  and  the  bottom  chord,  or  at  the  bottom  chord,  and  the 
trusses  of  which  are  not  deep  enough  to  allow  a  system  of 
overhead  bracing.  When  plate  girders  are  used,  such  a 
bridge  is  called  a  half-through  plate-girder  bridge.  When 
trusses  are  used,  such  a  bridge  is  called  a  low^truss,  or 
pony-truss,  brtdg^e* 

31*  Bridges  are  also  spoken  of  as  plate'girder  bridges^ 
tivfifd-truss  bridges,  and  pin-connecied  ttfiss  Mdgi's,  according 
to  the  type  of  beam  or  truss  that  supports  the  loads.  Bridges 
may  be  further  classified  according  to  the  style  of  truss, 
giving  two  general  classes;  namely,  parallel-ciiord  bridges 
and  Inellued-cliord  l)rld^e&*  Each  of  these  classes  may 
be  subdivided  into  single-system,  multiple-system,  and  sub* 
divid?d*panel  bridges,  as  explained  in  connection  with  trusses, 
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LOADS  AND  REACTIONS 


CLASSIFICATION  OF  X.OADB 

32*  External  Forces  Acting  on  a  BridR-e. — ^The 
external  forces  acting  on  a  bridge  consist  of:  fl)  the  weight 
of  the  structure  itself;  (2)  the  weight  of  whatever  the  struc- 
ture is  designed  to  support;  (3)  the  pressure  of  the  wind; 
and  (4)  the  reactions  of  the  abutments.  The  first  two  of 
these  classes  of  forces  are  called  loads.  In  addition  to  the 
forces  just  mentioned,  it  is  sometimes  necessary  to  consider 
olher  applied  forces,  such  as  the  centrifugal  force  of  a  train 
moving  on  a  curved  track,  and  the  horizontal  force  caused  by 
moving  trains. 

33*  Kinds  ol  Lfoada. — Loads  are  divided  into  two 
general  classes,  namely:  (kad  loads  and  Hv^  loads. 

The  lU^ml  load  consists  of  the  weight  of  the  structure 
itself,  including  the  track  or  floor,  the  floor  system,  and  the 
girders  or  trusses.  It  is  the  force  of  gravity  acting  on 
every  part  of  the  structure,  and  is,  therefore,  actually 
applied  at  ail  points.  The  weight  of  the  floor  system  is 
transferred  to  the  joints  of  the  loaded  chord  by  the  floor- 
beams.  The  weight  of  the  truss  is  transferred  to  the  joints 
of  the  loaded  and  unloaded  chords  by  the  members  them- 
selves.    Methods  of  estimating  in  advance  the  approximate 

tight  of  floor  systems  and  trusses  will  be  given  elsewhere. 

le  dead  load  is  usually  assumed  to  be  a  uniform  amount 
per  linear  foot  of  structure.  For  short  spans,  up  to  about 
125  feet,  the  direct  stresses  due  to  dead  load  are  found  by 
assuming  all  the  load  Co  be  applied  at  the  joints  of  the  loaded 
chord.  For  longer  spans,  a  part  of  the  load,  usually  one- 
third,  is  assumed  to  act  at  the  joints  of  the  unloaded  chord. 
This  assumption  leads  to  results  that  are  very  close  to  the 
actual  stresses. 


14 


STRESSES  IN  BRIDGE  TRUSSES 


34*  The  live  load  is  the  load  due  to  the  traffic.  It  is 
therefore  a  moving  load,  and  is  often  so  called.  For  high- 
way bridges^  the  live  load  is  assumed  to  be  a  specified 
amoutit  per  square  foot,  uniformly  distributed  over  the 
roadway.  For  bridges  that  are  subject  to  the  passage  of 
heavy  loads  concentrated  on  wheels,  the  live  load  is 
assuroed  to  be  a  certain  arrangement  of  concentrated  loads, 
or  wheel  loads,  which  may  be  taken  by  theinselves  or  in 
connection  with  the  uniform  load.  For  railroad  bridges,  the 
live  load  usually  coiisists*of  a  system  of  concentrated  wheel 
loads  representing  a  type  of  locomotive,  or  of  certain 
uniform  loads  that  will  give  an  approximately  equivalent 
effect.  The  calculation  of  stresses  due  to  uniform  and  to 
concentrated  loads  require  separate  consideration.  This 
subject  will  be  fully  treated  elsewhere.  The  amount  of  live 
load  that  a  bridge  is  designed  to  carry  is  sometimes  called 
the  capacity  of  the  bridge. 

35.  wind  Pressure. — The  wind  pressure,  sometimes 
called  the  wind  load,  is  the  force  exerted  by  Ihe  wind  on 
all  surfaces  exposed  to  it.  These  surfaces  consist  of  the 
sides  of  the  inembers  and  the  exposed  surfaces  of  the  moving 
loads  that  cross  the  structure.  In  highway  bridges,  the  sur- 
face of  the  loads  is  usually  very  small  compared  to  the 
exposed  surface  of  the  bridge.  In  railroad  bridges,  it  is 
nece?5sary  to  consider  the  pressure  of  the  wind  against  the 
side  of  a  train,  in  addition  to  the  pressure  against  the  exposed 
surface  of  the  structure.  It  is  customary  to  assume  the  wind 
pressure  as  a  uniformly  distributed  force,  and  express  it  in 
pounds  per  square  foot  of  exposed  surface,  or  in  pounds  per 
linear  foot  of  the  loaded  or  unloaded  chord. 

36.  CentririiKal  Force* — The  centrifugal  force  con- 
sidered in  bridges  is  the  pressure  exerted  by  a  train  of  cars 
moving  on  a  curved  track;  it  acts  radially  outwards,  and  is 
transferred  by  the  floor  system  to  the  joints  of  the  loaded 
chord.  It  is  usually  expressed  as  a  percentage  of  the  live 
load  and  depends  on  the  degree  of  curvature  of  the  track,  and 
on  the  weight  and  speed  of  the  train. 
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37.  The  lou^irltiidlual  thrust  is  the  force  exerted  on  a 
(structure  by  a  train  of  cars  crossing  the  structure  while  the 
brakes  are  set.  This  force  is  a  maximum  when  the  brakes 
are  set  hard  enough  to  prevent  the  wheels  from  turning',  in 
which  case  they  slide  on  the  rails. 

The  ti-aetlve  force  is  the  force  exerted  on  a  structure  by 

I        the  friction  of  the  driving  wheels  of  a  loQomotlve  drawing  a 

train  of  carsf  it  is  usually  less  than  the  longitudinal  thrust, 

I^H  and  may  be  neglected  if  the  latter  is  taken  into  consideration. 


38. 


PANEL  LOADS 

Deftnltton.^ — The  amount  of  load  that  is  transferred 


to  a  joint  of  the  loaded  chord  is  called  a  panel  load,  or 
ptiiiel   conceiitratlon* 

39.  Dead  Panel  Lioads. — As  the  weight  of  the  floor 
system  is  a  large  part  of  the  dead  load,  the  dead  panel  loads 
of  the  loaded  chord  are  larger  than  those  of  the  unloaded 
chord.  If  all  the  dead  load  were  considered  as  applied  along 
the  loaded  chord,  each  panel  load  would  equal  the  uniform 
load  per  linear  foot  multiplied  by  the  length  of  one  panel 
and  divided  by  2  (there  being^  two  trusses  to  the  brids^e). 
It  is  convenient  to  compute  first  this  panel  load,  and  then,  if 
considered  necessary,  assume  an  approximate  distribution  of 
it  between  the  loaded  and  the  unloaded  chord,  as  explained 
in  Art,  42- 

40,  Live  Panel  Loads. — All  the  live  load  is  applied 
along  the  loaded  chord.  In  highway  bridges,  the  load  per 
linear  foot  is  equal  to  the  specified  load  per  square  foot  on 
the  floor,  multiplied  by  the  clear  width  of  the  roadway^  plus 
alike  product  for  the  sidewalks,  if  any.  The  panel  load  is 
then  equal  to  one-half  this  total  uniform  load  multiplied  by  a 
panel  length.  Some  highway  bridges  have  only  one  side- 
walk, which  is  sometimes  supported  outside  of  the  truss. 
In  this  case,  the  load  on  and  stresses  in  each  truss  must  be 
computed  separately.  In  railway  bridges,  if  the  load  is  a 
uniform  load  per  linear  foot,  the  panel  load  is  found  as  just 
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staled;  if  it  consis^ls  of  a  series  of  wheel  loads»  the  panel 
loads  will  vary  in  amount.  The  treatment  of  this  class  of 
loads  is  considered  in  a  subsequent  Section. 

41.  Wind  Panel  Load-^The  wind  pressure  per  linear 
foot,  assumed  or  computed  for  either  chord,  multiplied  by 
the  panel  length  gives  the  wind  panel  load  for  that  chord, 

42*  IllnBtrative  Example. — As  an  example,  let  a 
through  highway  bridge,  such  as  is  shown  in  Ftg,  14,  con- 
tain seven  equal  panels,  each  20  feet  long,  and  have  a  clear 
width  of  roadway  of  16  feet.  Suppose  the  dead  load  to  be 
600  pounds  per  linear  foot,  arid  the  live  load  to  be  100  pounds 
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per  square  foot  of  roadway.    The  dead  panel  load  will  then  be 


and  the  live  panel  load, 

100  X  16  X  20 


=  16,000  pounds 


Assuming  all  the  dead  load  to  be  applied  at  the  Joints  of 
the  loaded  chord,  each  of  the  joints  by€,d,e^f^  and.^  will  be 
loaded  with  6^000  pounds  dead  load;  while,  if  the  bridge 
sustains  a  live  load  throughout  its  length,  each  of  the  joints 
will  also  have  a  load  of  16,000  pounds.  At  the  points  a 
and  h,  there  is  a  half-panel  load  consisting  of  3,0(X1  pounds 
dead  load  and  8,000  pounds  live  load.  These  half'panel 
loads  are  carried  directly  by  the  supports  and  do  not  affect 
the  trusses,  and  hence  can  be  omitted  in  the  calculation  of 
stresses.  A  seven-panel  truss  would  thus  be  considered  as 
loaded  with  six  intermediate  panel  loads;  a  six-panel  truss 
would  likewise  have  five  intermediate  panel  loads*  etc*  If  it 
is  desired  to  distribute  the  dead  load  between  the  lower  and 
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the  upper  chord,  one-third  of  the  load,  or  2,000  pounds^  may 
be  assumed  as  acting  at  each  of  the  upper  joints,  and 
4,CKX)  poutids  at  each  of  the  lower  joints,  except  at  a  and  h, 
each  of  which  would  still  carry  the  half-panel  load  of 
3,000  pounds. 


I 


EXAMPLES     FOR    PRACTICE 

L     A  bridge  ?*9  feet  long   is   designed  to  sustain  a  Jive   load  of 

100  pounds  per  square  foot  od  a  roadway  10  feet  wide,  clear  width. 

The  trusses  are  divided  into  G  panels.     What  is:  {a)  the  live  load  per 

linear  foot?  {b)  the  panel  iive  load?  -^^  \ [a]   L600  lb. 

'^*"UA)   13,200  1b. 

2.  Aq  eight-panel  bridge  of  120  feet  span  carries  a  roadway  18  feet 
wide,  clear  width.  The  live  toad  assumed  for  the  trusses  is  !¥»  pounds 
per  square  foot  of  roadway.  What  is;  (a)  the  live  load  per  linear  foot? 
(6)   the  panel  live  load?  .  „^  /  {a)  tl,72ft  lb, 

'^"'**l(*)   I2.lt60  1b. 

3.  If  for  the  hndge  of  example  2  the  wind  load  per  linear  foot  is 
assurned  as  JHXI  pounds  for  the  lower  chord  and  15(1  pouadfi  for  rhe 
upper  chord,  what  is  the  panel  wind  load:  {a]  for  the  lower  chord? 
(*)  for  the  upper  chord?  *       f  (a)  4,5iXJ  lb. 

l(*)  2i250  1b. 

4.  Suppose,  for  the  bridge  described  in  example  S,  that  the  dewrt 
load  is  assumed  to  be  7(iO  pounds  per  linear  foot.  What  will  the  pane] 
dead  load  be?  Ans.  5,7001b, 


REACTIONS 

43*  In  all  bridge  trusses,  one  end  is  free  to  move  hori- 
zoHtally  in  a  longitudinal  direction j  so  that  the  reactions 
due  to  the  dead  and  live  loads  will  be  vertical.  The  effect 
of  wind  pressure  and  other  horizontal  forces  will  receive 
separate  consideration* 

44.  Dead-Ijoart  React  Ions,— By  the  principles  of 
statics,  the  reactions  exerted  hy  the  supports  must  hold  in 
equilibrium  the  applied  loads.  Let  Fig.  15  represent  any 
truss  acted  on  by  the  panel  loads  W  as  shown.  Let  R',  and  Rt 
be  the  reactions.  The  loads  and  reactions  together  com- 
prise all  the  external  forces  acting;  on  the  structure,  and  any 
of  the  conditions  of  equilibrium  may  be  applied  to  these 
forces.  The  object  being  to  determine  the  values  of  the 
reactions  Ri  and  Rt,  it  will  he  convenient  to  lake  moments 
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of  the  forces  about  the  point  L     The   following:  equation 

therefore  obtains: 

2'  J/.  =  J?.  X  100  -  Wy.  80  -  ^(/x60  -  W^X  40  -  Wy^  20  =  0 


whence 

In  like  manner,  by  taking  moiiieots  about  a,  the  reaction  R* 


Pro.  15 

IS  found  to  be  2  W.     Or,  by  puttinE^  the  sum  of  the  vertical 

forces  equal  to  zero, 

R,-\  W^  R.  =  0; 
whence,  as  before, 

^.  ^  4  \V-  A',  =  4  W-  21V  ^  2  1V 
In  this  case,  where  the  load  is  symmeirical.  it  is  evidently 
unnecessary  to  write  out  these  equations,  since  the  reactions 
must  be  equals  and  each  must  be  equal  to  one-half  the  total 
load,  or  to  2  IV, 

45.  Uvp-Tjoad  Renetloiis.^If  the  truss  is  only  partly 
loaded,  as  in  Fig.  16,  the  reactions  are  not  equal,  and  it  is 
necessary  to  calculate  them  by  applying  the  principles  of 
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Statics  as  just  stated.     In  the  truss  shown,  with  /  as  a  center 

of  moments,  we  have 

I'Aff  =  y?,  X  100-/'x60-/'x40"iPx20  =  0;         (1) 

whence  R,  =  ^^rl^  ^  1-2 /* 

Also.  R,  +  R,-2P=0\ 

whence       R,  ^  ZP-R,  =  ZP-1.2P  =  \.%  P 
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This  melhod  oi  calculation  is  perfectly  general  and  applies 
as  well  when  the  panel  loads  or  panel  lengths  are  unequal. 

46*  Where  the  panel  lengths  are  equal,  as  is  usually  the 
case,  the  reactious  for  a  partial  load,  as  in  Fig.  16,  can  be 
found  more  readily  by  writing  equation  (1),  Art.  45,  in  a 
little  different  form.  Taking  the  panel  length  as  the  unit  of 
length,  and  changing  the  order  of  arrangement,  we  have 

ye,  X5-Pxl-/'X2-iPx3  =  0; 
whence  ^^  X  5  =  lP-\-2P-h3P 

and  J?.  =  iP-^iP-^iP 

Thus,  it  is  seen  that  the  left  reaction  is  equal  to  one-fifth 
the  load  at  e,  plus  two-fifths  the  load  at  d^  plus  three-fifths 
the  load  at  r.  This  statement  can  be  written  at  once  by 
inspection;  for,  as  regards  the  load  at  ^,  it  is  known,  from 
the  principle  of  moments,  that  one-fifth  will  be  carried  by  the 
left  support,  and  four-fifths  by  the  right;  likewise,  two-fifths 
of  the  load  at  d  will  be  carried  at  a  and  three-fifths  at  /,  etc. 
This  method  of  getting  reactions  for  partial  loads,  uf/refi 
the  paiul  kii.^ihs  are  equal,  is  very  convenient  and  will  be 
frequently  employed  hereafter. 

ExABiPtE. — («)  Assiittiing  the  truss  shown  in  Fig.  17  lo  be  loaded 
at  each  of  the  lower  chord  jomts  with  a  load  of  5,000  pounds,  to  cal- 
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cnlate  the  reactions.     {b\  Assuming  the  joints  of,  e,  and  /"ooly,  to  be 
loaded  with  a  load  of  5.000  pounds  each,  to  cakxriate  Ihe  reactions. 

Solution.— (a)  In  this  gase,  the  Load  is  symmetrical;  therefore, 
5X6.000 


ft^   =  R. 


=  12,500  1b.     Ans. 


{&)     Taking  raoments  about  r* 

^.  X  t)  -  5,000  X  1  -  5>000  X  2  -  fi.OOO  X  3  =  0; 
whence 

5.000  X  1  +  ft,000  X  3  +  5.000  X  3 


*. 


6 


=  6.000  lb.     Aoa, 
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Taking  moments  about  a. 

-  ^,  X  6  +  5,000  X  3  +  5,000  X  4  +  6,000  X  5  =  0; 
whence 

^_  ^  5.000  X  3  +  5,000  X  4 +  5.000  XS^^^^ppp,^      ^^ 
6 


EXAMPLES    rOR    PRACTICE 

1.     If  the  truss  shown  in  Fig.  17  carries  a  panel  load  of  6,000  pounds 

at  each  of  the  lower  chord  joints,  what  are  the  two  reactions? 

Ans/^'  =  15.0001b. 
■^"^IJ?.  =  16.0001b. 


2.    If  the  truss  shown  in  Fig.  17  carries  a  panel  load  of  6,000  pounds 
at  each  of  the  joints  b,  c,  and  d,  what  are  the  two  reactions? 

Ans/-^-  *  12.000  Jb. 
^°®lJ?,  «    6,0001b. 

SHEAKS  AND  MOMENTS 


MAXIMUM  MOMENTS  ANU   SHBARS  IN  BEAMS 


BENDING    MOMENTS 

47.  It  is  desirable  here  to  review  some  of  the  principles 
explained  in  Strength  of  Materials,  Part  1,  in  connection  with 
beams,  and  to  add  sufficient  further  discussion  to  make  com- 
plete the  analysis  of  maximum  moments  and  shears  in  simple 
beams  and  trusses  for  fixed  and  for  moving  uniform  loads. 
In  designing  a  beam,  it  is  necessary  to  know  the  maximum 
bending  moments  and  the  maximum  shears  at  various  sec- 
tions. From  the  former,  the  flange  or  fiber  stresses  are  found; 
and  from  the  latter,  the  shearing  or  web  stresses.  It  will  be 
sufficient  here  to  deal  with  this  subject  in  a  general  manner, 
stating  the  fundamental  principles.  The  application  of  these 
principles  to  the  calculation  of  the  actual  flange  and  web 
stresses  will  be  taken  up  in  connection  with  design,  where 
it  can  be  more  conveniently  treated. 

48.  Bending  Monionts  Due  to  a  Uniform  Dead  Ijoad. 

As  explained  in  Strength  of  Materials,  Part  1,  the  bending 
moment   at   any   section   of    a   beam   is    the    sum    of    the 
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moments  of  all  the  external  forces  to  the  left  or  right  of  the 
section  about  the  neutral  axis  of  the  section.  In  Fig.  18  (a), 
AB  is  a  beam  of  length  /,  loaded  with  a  uniform  load  of 


w'  units  of  weight  per  unit  of  length.     The  total  load  is  w'  /, 
and  each  reaction  is  equal  to  ^- -.    The  bending  moment  M^ 

it 

at  any  section  q,  distant  x  from  the  left  end,  is  given  by 
the  formula 

or,  substituting  the  value  of  ^,,  and  factoring, 

'■     ■        (1) 


Mi=  y- Ai-x)x 


This  moment  is  a  maximum  at  the  center,  where  its  value 
is  given  by  the  formula 


Max.  M'  = 


(2) 


The  bending  moments  at  all  points  of  the  beam  due  to 
this  uniform  load  are  represented  graphically  in  Fig.  IH  (^) 
by  the  moment  curve  adb^  which  is  a  parabola  and  shov.s 
how  the  moment  varies  alon^  the  r>eam- 

49«     Bending  Moment  Dii<'  to  a  I'ljlforin  1A\it  f»ti<l. 

The  maximum  bending  n:on:ent  at  any  section  of  a  sirnj/'r 
beam,  caused  by  a  urjiforn:'  ]:v<:  Joa':,  \\\\\  o'j'.ur  whc-Ji  the 
load  extends  entirely  ac'-s  rhe  -;^ar..  'I'he  V:am  f^::;jg 
fully  loaded  for  mazimurr.  xorrents.  thesf;  njorrjfrnts  wil*  >>*; 
given  by  formula  1  of  the  preced:::g  article,  except  that  vJ 
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should  be  replaced  by  the  live  load  w'*  per  unit  of  length. 
If,  therefore,  the  maximum  live-load  moment  at  the  point  q 
is  denoted  by  M*'^  then 

M"='^^-(l-x)x  (1) 

From  the  preceding  article, 

M>^  <(l-x)x 

Dividing  the  first  by  the  second  of  these  two  equations, 
the  result  is 

whence  M''  ==  M'x^  (2) 

When,  therefore,  the  dead-load  moment  at  any  section  of 
the  beam  has  been  determined,  the  maximum  live-load 
moment  at  the  same  section  is  obtained  by  multiplying  the 

dead-load  moment  by  the  ratio  — ■  of  the  live  load  per  unit 

of  length  to  the  dead  load  per  unit  of  length. 

If  the  total  or  resultant  bending  moment  at  g  is  denoted 
by  Mf  then 

or,  substituting  the  values  of  M'  and  M^'t 

M^'^Y"  {^-x)x  (3) 

Example.— A  beam  40  feet  long  supports  a  dead  load  of  600  pounds 
per  foot  and  a  live  load  of  1,800  pounds  per  foot.  What  are  the  dead- 
load  and  maximum  live-load  bending  moments  at  points  10  feet  apart 
along  the  beam? 

Solution.— The  moments  will  be  found  by  means  of  formula  1, 
Art.  48,  and  formula  2,  Art.  49.  Here,  /  =  40,  a^  =  600  lb., 
a/'  =   1,800  lb.,    and 

«'"       l.WK)       _- 
w'  =     500'  ^  ^'^ 
The  values  of  .r  for  the  several  points  are  0,  10,  20,  30,  and  40.  The 
moments,  in  foot-pounds,  are  as  follows: 

For  r  =  0,  M'  =  ■*IJ*\40  -  0)  0  -  0.  M"  =  0. 

For  X  =  10,  M'  =  2V)  (10-  10)10  ^  75,000,  M"  =  75,000X3.6 
^  270,000, 
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For  X  =  20,  Af  =  250(40  ^  20)20  =  100.000.  At'  =  HW.OOOX  3,0 
=  360.000. 

For  jr  =  30*  j»r  ^  250  (40  -  30)  30  ==  75,000.  Af^  =  7&.000  X  3,6 
o  270.000. 

For  jr  =  40,  jV  =  250  (40  -  40)  40  =  0,  M"  -  0. 


SXAHPLKS    FOR    PRACTICE 

1,  A  beam  100  feet  long  supports  a  dead  load  of  600  pounds  per 
foot.  What  IB  the  dead-load  raoTnent:  {a)  at  the  center?  {6}  at  a 
point  75  feet  from  the  left  end?  .        /  (fl)  750,000  ft. -lb* 

^U*)    .""fi^, 500  ft. -lb. 

2.  A  beam  40  feet  loog  supparts  a  live  Joad  of  750  pounds  per  foot. 
What  i»  the  live-load   moment  at  a  point;    [a)  10  feet  from  the   left 

B«pp<irt?    [d)  20  feet?    {c)  30  feet?  i(a)  112..'>00  ft.-lbt 

Aas.{   *)   I50.(mO  El.-ib, 
If)    112.500  ft.-lb. 


I 


3.  A  t»earo  80  feet  long  supports  a  dead  load  of  450  poyads  per 
foot  and  a  live  toad  of  1,200  pounds  per  foot,  What  is:  [a]  the  dead^ 
load  bending  momeDt,  and  [d)  the  live-load  bendinj^  moiuent  at  a 
point  30  feet  from  the  left  support?  -_     /  (c?)  3;^7.50O  ft.-lb, 

^"^  \{(^)  yoo^ooo  ft,-lb. 

4.  In  example  3,  what  is  the  total  bending  moment  at  Che  center 
of  the  beam?  Ans.  1,320.000  ft,-lb. 


^RSARS 

50,     Shear  and  Its  St^u. — The  shear  at  any  section  o£ 

a  beam  is  defined  as  the  sum  of  all  the  vertical  forces  actitig 
'On  the  beam  to  the  left  or  right  of  the  section.     The  correct 


y//>y/////Mv^/,/.v/AV'//4rjsssYAVdff/^^^ 


Fir,.  10 


sign  will  be  given  by  considering  the  forces  on  the  left  and 
taking  upward  forces  as  positive  and  downward  forces  as 
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y  =  y?. 


nfx  = 


—  wx 


equal  to  A*!,  or  **J^;  at  the  center,   where  x  —  1,  the  shear 
is  0;  and  at  the  ri£:ht  end,  where  x  =  l^  the  shear  is 


or 


aegative.  If  the  load  is  a  uniforn]  load  w  per  unit  of  length. 
Fig.  19  fa),  the  shear  at  any  point  whose  distance  from  the 
left  end  is  x  is  given  by  the  formula 

w  i 

At  the  left  end  of  the  beam,  where  x  =  0,  the  shear  is 
;  at   the  center,   where  x  —     , 

w  I 
2 

—  R^.  The  shear  diagram  for  dead  load  is  shown  in 
Fig.  19  ib). 

It  is  to  be  noted  that  the  shears  on  the  right  of  the  center 
are  negative,  and  those  on  the  left  are  positive,  but  that  for 
two  points  equidistant  from  the  center  the  shears  are  of  the 
same  numerical  value. 

51*  The  meaning;  of  positive  and  negative  shears  wiH  be 
made  clearer  by  a  study  of  Fig,  20,  which  shows  how  die 

forces  acting  lend  to 
shear  the  beam  at  any 
given  section*  Positive 
shear  at  any  section  g 
occurs  when  the  exter- 
nal forces  tend  lo  move 
^  i  '  the  left-hand  portion 

^"^-  ^  upwards  and  the  right-' 

hand  portion  downwards;  negaiivf  shear  occurs  when  the  exter- 
nal forces  tend  to  move  the  left-hand  portion  downwards  and 
the  right-hand  portion  upwards. 

52*  Llve-Loarl  Hlient's*. — In  order  to  arrive  at  a  general 
nile  for  determining  the  maximum  live-load  shear  at  any 
section  of  a  beam,  it  will  be  convenient  to  consider  first  the 
effect  of  a  single  load  IV\  Fig.  21,  placed  anywhere  on  the 
beam.  Let  ^  be  the  section  at  which  the  shear  is  required. 
Considering  the  weight  fi^first  at  any  point  on  the  right  of  the 
section,  it  is  seen  that  the  only  external  force  acting  on  the 
left  of  the  section  will  be  the  reaction.  The  shear  at  the  sec- 
tion will  then  be  equal  to  this  reaction,  and  will  be  poniive- 


n 
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If  the  load  IV  is  placed  aiiywhere  to  the  l^fi  of  the  section, 
the  shear  will  be  equal  to  the  left  reaction  minus  the  load  ^K; 
and,  as  the  reaction  is  always  less  than  the  load,  the  resultant 
of  the  reaction  and  the  load  will  act  downwards,  and  the  shear 
will  be  ?ii:gativf^ 

It  is  thus  seen  that  a  load  placed  anywhere  on  the  right  of  a 
section  will  cause  positive  shear  in  that  section,  and  if  placed 


b 


1 


i 
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anywhere  on  the  left  of  the  section,  it  will  cause  negative 
shear.  From  this  it  follows  that,  if  a  number  of  loads  i« 
to  be  placed  on  a  beam  so  as  to  cause  the  maximum  posi- 
tive shear  at  a  given  section,  as  many  loads  as  possible 
hould  be  placed  on  the  right  of  the  section,  and  none  on  the 
eft.  For  maximum  negative  shear,  the  reverse  would  be 
true.  If  the  given  load  is  a  uniform  live  load,  the  maximum 
positive  shear  at  any  section  obtains  when  the  beam  is  loaded 
on  the  right  of  the  section  only,  and  the  maximum  negative 
shear,  when  the  beam  is  loaded  on  the  left. 

53.     Applying    the    rule   just    given    to   any  beam   AB, 
ig.  22   (a),  the  maximum  positive  live-load  shear  at  any 


«p  (J-t) 


ion  ^,  distant  x  from  the  left  end,  due  to  a  uniform  load 

if  w'*  per  unit  of  length,  obtains  when  the  load  covers  all  the 

part  of  the  beam  to  the  right  of  g.     The  shear,  which  will  be 

denoted  by  V'\  will  be  equal  to  the  left  reaction.    Taking 
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moments  about  B^  and  noting  that  the  total  load  on  the  beam 

is  equal  to  2£/"(/  — ;r),  and  that  its  lever  arm  about  B  is 

I  —  X 
equal  to  — -— ,  the  following  equation  obtains: 


a/'(/ 


whence       R^  = 


-"(4--) 


=  2-(/-^) 


As  the  maximum  live-load  shear  is  equal  to  R^^  then 

r'  =  |^'(/-;c)'- 
If  the  load  covers  the  whole  beam,  ;r  =  0,  and 


yn  ^ 


2/ 


If  the  load  covers  half  the  beam,  x  —  -^  and,  therefore, 

2/\       2/         2/\2/         2/4  8 

In  Fig.  22  (b),  the  ordinates  to  the  curve  cb  represent  the 


Fig.  23 


maximum  positive  shears  in  the  beam  at  all  points,  obtained 
by  giving  to  x  values  between  /  and  0.  This  curve  is  a 
parabola  with  its  vertex  at  d,  and  may  be  constructed  by 
the  methods  explained  in  Rudiments  of  Analyiic  Geometry. 

54.  The  maximum  live-load  negative  shear  at  any  point 
in  the  beam  will  occur  when  the  beam  is  loaded  on  the  left 
at  that  point,  as  shown  in  Fig.  23  {a).  The  maximum  shear 
at  section  q  will  equal  the  left  reaction  minus  the  load  v^*  x*. 
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The  left  reaction  /\,  is  found  by  taking  moments,  as  before, 
about  the  pomt  B; 


I 


and  the  maximuTn  negative  shear  is 

This  value  is  equal  to  the  right  reaction,  and  might  have 
been  found  by  taking  moments  about  .t,  without  previously 
computing  /?,.  Fig.  23  {5}  shows  the  shear  diagram  for 
negative  shears. 

By  examioinE  the  values  of  the  negative  shears,  begin- 
[uing  at  the  right  end  and  passing  toward  the  left,  it  will 
be  ob&erved  that  the  nia?ciiTium  positive  shear  at  any  point 
is  numerically  equal  to  the  maximum  negative  shear  at  a 
point  in  the  opposite  end  of  the  beam  equidistant  from  the 
center^ 

55.  Illiif^ipntlvf  Example. ^ — Let  it  be  required  to 
determine  the  dead-load  shears  at  sections  5  feet  apart  in  a 
beam  60  feet  long,  Fig,  24,     Let  the  dead  load  be  400  pounds 


h 


fffhiJteim 


^o' 
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(—  «/)  per   linear    foot,   and    the    live    load    1,200   pounds 
( =  a'")  per  linear  foot. 

»1.     Dead-Load  S/uars, — The  reactions  are  each  equal  to 
400x60 


=  12,000  pounds 


The  shears  will  be  found  by  the  formula  of  Art.  50,  sub- 
stituting w\  or  400,  for  w. 

Ala,  X  ^  0,  and  T'  =  ^,  =  +  12.000  pounds. 

At  ^.  X  =  5,  and  f'  =  12.000  -  400  X  6  =  rh  10,000 
pounds. 

At  f.  -v  =  10,  and  V  =  12,000  -  400  X  10  -  +  8,000 
pounds. 
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In  like  manner,  the  shear  for  each  of  the  other  given 
sections  is  found.  The  results  are  given  in  the  second 
column  of  the  accompanying  table. 

TABLE    OF    8U£AB8 


I 

2 

3 

4 

5 

6 

Dead-Load 
Shear 

Maximum 
Sb 

L!ve-TK)ad 
ear 

Combined  Shear 

8«tUoii 

Positive 

Neeative 

Dead-Load 
and  Maximum 
Positive  Live- 
Load  Shear 

Dead-Load 
and  Maximum 
Negative  Live- 
Load  Shear 

a 

-f-I2,000 

+36.000 

0 

+48,000 

+  12,000 

b 

+  IO,0O0 

+30.250 

-       250 

+40.250 

+  9.750 

c 

-f  8,ooo 

+25,000 

-    1,000 

+33.000 

+  7.000 

d 

+  6,ooo 

+20,250 

-  2,250 

+26,250 

+  3,750 

e 

+  4.000 

+  16,000 

-  4,000 

+20,000 

0 

f 

+    2,000 

+  12,250 

-  6,250 

+  14.250 

-  4.250 

g  (center) 

o 

+  9,000 

-  9,000 

+  9.000 

-  9.000 

h 

—    2,0OO 

+  6,250 

-12,250 

+  4.250 

-14,250 

i 

-  4,ooo 

+  4.000 

-16,000 

0 

-20,000 

i 

—  6,ooo 

+  2,250 

-20,250 

-   3.750 

-26,250 

k 

—  8,ooo 

+  1,000 

-25.000 

-    7,000 

-33,000 

I 

—  10,000 

+       250 

-30,250 

-   9.750 

—40,250 

m 

— 12,000 

0 

—  36,000 

—  12,000 

—  48,000 

It  is  to  be  noted  that  the  shears  beyond^,  the  center  section, 
may  be  written  out  at  once  from  the  values  to  the  left  of  this 
section. 

2.  Live-Load  Shears. — The  maximum  positive  live-load 
shears  are  obtained  from  the  formula  of  Art.  63.  At  a, 
where  x  =  0, 

V"  =  R,  =  1J00X60  ^  ^  3g  QQQ  pounds 


Pit  b^x  ■=  6,  and 


V"  =  J^*^^-  (60  -  5)'  =  +  30,250  pounds 


PitCfX  =  10,  and 
1.200 


yff  =  ^^  (60  -  10)*  =  +  25,000  pounds 
2  X  60 
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and  so  on*  These  shears  are  given  in  the  third  column  of 
the  above  table.  The  maximum  negative  live-load  shears  are 
found  in.  like  manner,  by  the  use  of  the  formula  in  Art.  54. 
The  fifth  and  the  sixth  column  of  the  table  contain  the 
combined  shears,  found  as  explained  below. 

3-  Combiiud  Shears, — Since  the  dead  load  is  always 
present,  the  maximum  total  shear  at  any  section  of  the  beam 
will  be  found  by  combining  the  dead4oad  shear  with  one 
or  the  other  of  the  maximum  live-load  shears*  Combining 
with  the  maximum  positive  shears,  the  fifth  column  of  the 
preceding  table  is  obtained;  while  the  sixth  column  is 
obtained  by  combining  the  dead-load  shears  with  the  maxi- 
mum negative  live-load  shears.  By  comparing  these  two 
columns,  it  will  be  noticed  that,  for  sections  to  the  left  of  the 
center,  the  maximum  shears  are  the  positive  shears  of  col- 
umn 5;  while  to  the  right  of  the  center  they  are  the  negative 
shears  of  column  6.  For  two  sections  equidistant  from  the 
jenter,  the  maximum  shears  are  numerically  equal* 

It  is  to  be  further  noted  that  in  column  5  there  is  a  small 
positive  shear  at  the  seutlons  A,  zero  shear  at  i,  and  negative 
shears  beyond*  These  negative  shears,  which  are  smaller 
than  the  dead-load  shears,  are  equal  to  the  difference 
between  the  dead-load  negative  and  the  live-load  positive 
shears.     They  are  in  fact  the  least  negative  shears  that  can 

[occur  in  the  beam.     In  the  same  way,  column  6  gives^  in  the 

ipper  part,  the  least  positive  shears  down  as  far  as  e,  then 

the   maximum   negative   shears    for    the    remainder    of    the 

|t>eam.  Taking  the  two  columns  together,  the  greatest  range 
pf  shear  is  obtained  that  can  possibly  occur  in  the  beam  at 
|he  several  sections  lor  ^ny  positions  of  the  live  load.  Thus, 
at  section  a,  the  shear  may  be  as  high  as  +  48,000  and  as  low 
as  4- 12.000?  at  *,  the  limits  are  +  40,250  and  +  9  J60;  at  €, 
4-  20.(X)0  and  0;  at  /,  -h  14,250  and  ~  4,250;  and  at  ^.  -f  t),000 
^—pmd  —  9.000.  On  the  right  end.  the  limits  are  the  same 
Hbumerically  at  corresponding  sections^  but  are  of  opposite 
sign.  From  this  discussion,  it  is  plain  that  only  positive 
shears  can  exist  from  a  to  €\  both  kinds  are  possible  from 
^  to  i}  And  only  negative  shears  beyond  2.    This  table  should 
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be  carefully  stntlied,  as  the  relations  here  illustrated  are  of 
great  importance  in  the  analysis  of  trusses. 

4.  Summary  of  I^fsulh. — Summarizing  the  results  of 
the  foregoing  analysis,  the  following  statement  may  be 
made  regarding  a  beam  subjected  to  both  a  dead  and  a 
uniform  live  load:  (1)  The  maximum  shear  at  any  section 
to  the  left  of  the  center  will  be  po$fiiVt\  and  may  be  found 
by  adding  to  the  dead-load  shear  the  maximum  positive  live- 
load  shear,  the  beam  being  loaded  to  the  right  of  the  section, 
(2)  The  viinimnm  shear  at  any  section  to  the  left  of  the 
center  may  be  found  by  combining  the  dead-kiad  shear  with 
the  maximum  negative  live-load  shear,  the  beam  being 
loaded  to  the  kfi  of  the  section.  Near  the  end  of  the  heamj 
these  minimum  shears  will  be  positive,  but  near  the  center, 
where  the  live-load  negative  shears  exceed  numerically  the 
dead-load  positive  shears,  the  resulting  values  will  be  negative. 
For  sections  on  the  right  of  the  center,  exactly  the  reverse  of 
this  holds  true:  the  shears  are  numerically  equal  to,  but 
of  opposite  sign  from,   those  on  the  left  of  the  center. 

56.  In  the  design  of  beams  and  plate  girders^  the  sign 
of  the  shear  is  usually  immateriaU  and  the  maximum  numer- 
ical value  is  all  that  is  needed.  In  the  case  of  trusses,  how- 
ever, it  is  essential  to  know  the  sign  of  the  shear  and  of  the 
stresses  resulting  therefrom.  Furthermore,  in  many  cases 
it  will  be  necessary  to  find  not  only  the  maximum  shear  and 
stress  but  also  the  minimum  \*ahies»  so  that  the  greatest 
range  of  stress  to  which  the  member  is  subjected  may  be 
known* 


HAXlMt'M   MOMEMT8  AND  8MEAK6  IN  THUSSICS 

57.     Notation — Rcnctlons. — So  far,  it  has  been  assumed 

that  the  load  was  applied  at  every  point  along  the  beam. 
In  the  case  of  trusses  and  plate-girder  bridges  with  floor 
systems,  the  load  is  applied  along  the  stringers  and  trans- 
mitted to  the  trusses  or  girders  by  the  f!oorbeams.  A 
truss,  for  example,  is  subjected  to  loads  acting  at  the  joints 
of  the  chords,     li  is  necessary  to  find  the  maximum  moments 


u 
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at  the  joints  and  the  maximum  shears  in  the  panels.  In  what 
follows,  /  will  denote  the  length  of  ihe  span;  p^  the  length  of 
one  panel;  n,  the  number  of  panels;  u'\  the  dead  load  per 
unit  of  length;  w",  the  live  loail  per  unit  of  length;  IP'\  the 
panel  dead  load;  iV",  the  panel  live  load;  J^j,  the  left 
reaction;  and  A\,  the  right  reaction.  When  necessary  to  dis- 
tinguish between  reactions  due  to  the  dead  and  to  the  live 
load,  the  former  will  be  denoted  by  one  accent — ^i',^/;  the 
latter,  by  two— j?.",  /c*/'. 

58.     The  loads  IV\  \V**  are  taken  as  acting  at  the  joints, 
\y  referring  to  Fig.  25,  where  n  =  (5,  it  will  be  observed  that 
the  number  of  panel  points  (the  end  joints  are  not  counted) 


s  6.  or  6  —  L     In  general,  the  number  of  loaded  joints  is 
—  1,  or  one  less  than  the  number  of  panels.     This  being' 
e  case,  the  total  dead  load  on  the  truss  is  (;^  —  I)  \V.  and 
the  total  live  load,  when  all  the  truss  is  loaded,  is  [n  —  1)  W**. 
Therefore,  in  this  case, 

R,"  =  i(«"  1)IV"  =  Un-  1)pw" 
It  should  be  kepi  in  mind  that  w^  and  w'^  are,  in  this  dis- 
ssion,  loads  per  unit  of  length  for  i>ne  (ritsSy  not  for  the 
bridge. 


lOi 

wh 


'  50.  Deart-liOart  Moments  and  Shenrs. — The  dead- 
load   moments    and   shears   are   determined   as   for  a  beam 

onded  at  various  points,  In  the  case  of  a  truss,  those 
ints  are  the  panel   points,   each   of  which  carries   a  load 

qual  to  W^*  Thus,  the  moment  at  b,  Fig.  25,  is  RJ  p\  ai  f, 
RJ  X  2^  -  Wp\  at  d,  R/  X  3/i  -  W*  x2p-  W P\  etc.  The 
shear  between  a  and  b  is  R^*\  between  b  and  r,  R,*  —  IV'i 
between  €  and  r/.  R/  —  2  IV^;  etc.     The  shear  between  a  and  6 
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is  referred  to  as  the   shear  in  the  panel  ah]    that  betweea, 
h  and  c,  as  the  shear  in  the  panel  6€\  etc.  I 

60-  Live-Load  Moments, — The  rnaximun]  live-load 
bending  moment  at  any  joint  occurs  when  the  whole  truss  is 
loaded;  that  is,  when  a  load  equal  to  fP'  is  applied  at  every 
joint  of  the  loaded  chord;  and  is  calculated  in  the  same 
manner  as  the  dead-load  moment.  Thus»  the  maximum 
live-load  bending  moment  at  d  is  equal  to 

61.  LiTc-Load  Shears. — For  the  maximum  positive 
live-load  shear  at  any  section  in  a  beam,  it  has  been  shown 
that  the  beam  should  be  fully  loaded  up  to  that  section  from 
the  rights  and  should  have  no  load  on  the  left  of  the  section. 
In  any  panel  ^^rof  the  truss  represented  in  Figf.  25,  the  posi- 
tive shear  on  any  section  g  equals  the  left  reaction  minus 
the  load,  if  any,  at  the  joint  6.  For  a  maximum  positive 
shear,  the  live  load  should  extend  up  to  joint  c  at  least, 
for  up  to  this  point  the  reaction  is  the  only  force  acting 
on  the  left  of  the  section,  and  this  increases  as  the  load  is 
moved  from  the  right  until  it  reaches  c.  If  the  load  advances 
beyond  c,  the  joint  d  will  be^fin  to  receive  some  load,  and  the 
shear  will  then  be  equal  to  the  left  reaction  minus  the  load 
B         _  _c n B_  J" 


Fic.  36 

at  6.  As  the  load  continues  to  move  to  the  left,  the  reactioii_ 
is  increased,  but  the  load  at  d  is  also  increased,  so  that  Xhi 
shear  in  the  panel  may  be  increased  or  decreased  by  such' 
movement,  according  to  the  relative  increase  in  the  left 
reaction  and  the  load  at  6,  There  is  a  certain  point  in  each 
panel  to  which  the  load  should  extend  in  order  that  the  shear 
in  that  panel  may  be  a  maximum.  That  point  is  determined, 
as  explained  in  the  next  article. 
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I 

1 

I 


I 

r 

I 


62,  Let  be.  Fig.  26,  be  any  panel  in  which  the  maximum 
live-load  shear  is  to  be  determined.  Let  the  laad»  whose 
ATncunt  per  unit  of  length  will  be  denoted  by  «'",  cover  all 
the  panels  on  ihe  right  of  c,  and  extend  a  distance  x  to  the 
left.  The  number  of  panels  in  the  truss  will  be  denoted 
by  «,  and  the  number  of  panels  on  the  right  of  c,  by  m. 

It  can  be  shown  that  the  greatest  shear  in  be  occurs  when 


and  that  the  value  of  the  shear,  for  one  truss^  is  then  ^iven 
by  the  formula 


yn   ^   li^ti 


m 


2iH-l) 


2) 


Note.— The  derivation  of  formulas  1  and  2  is  as  foUowsr 
reacUoQ  jP.",  found  bv  the  usuul  methods »  we  have 
„„  _  a/^U  +  ^w)* 
^'     -  27 

The  load  on  the  left  of  c  ]stt/'  jr,  whose  lever  arm  about*" is 


For  the 


This 


ad  is  to  be  resolved  Into  two  components,  one  acting  at  A  and  the 
other  at  r.  Let  JP'i"  be  the  component  at  d,  or  the  partial  panel  load 
at  the  latter  point.     Taking  moments  about  c, 

whence  FT*"  =  ^~- 

Jp 


The  live-load  shear  V^./'  in  the  panel  6  c  is  equal  to  ^/' 

ttuting  the  value*  of  J^^"  and  If/'. 
^*'  27 


JF/';  or. 


2p 
^      px*  +  ^  p*  mx-\-  p*  ffi'  -[x^ 

2  ip 

tv'\,p*m''^2p^mx^U-p)x' 


n  p,  and,  therefore,  i  —  p  =  n  p  —  p  ■=  [n 
w"      p^  m*  ^2p*fnx-(n  -  1}  pje* 


UA 


p^m*-\-2  pmx-  in 


l)x' 


■'t(/^)'-(/^--)'i 


fti*  +  [h  - 
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This  expression  evidently  has  its  greatest  value  when   ^^-:  -  x  =  0. 

Hence,  for  the  position  of  maximum  live-load  shear, 

pm 
«  —  1 
which  is  fonnula  1. 

Making  I  -~  ,  -  ^)   =  0.  and  writing  p  n  for  /,  the  resulting  value 

of  the  maximum  shear  becomes 

^''    -    2^  pn 

_  a/[ «  —  1 

2  ^  «(«-  1)     ""  "       2(«-  1) 

or,  since  v/^ p  is  the  value  W"  of  one  panel  load, 

which  is  formula  2. 

Example.— Referring  to  Fig.  26,  suppose  that  the  panel  length  is 
15  feet,  and  that  the  live  load  is  1,200  pounds  per  linear  foot. 
Required:  (a)  the  distance  x  that  the  load  should  extend  to  the  left 
of  c,  in  order  that  the  live-load  shear  in  the  panel  be  may  be  a 
maximum;  {b)  the  value  of  that  maximum  shear  for  one  truss. 

Solution. — {a)  To  apply  formula  1,  we  have  p  —  15,  m  —  4,  and 
«r  =  6.     Substituting  in  the  formula, 

x  —  -7, r-  =  12  ft.    Ans. 

o  —  1 

(6)  To  apply  formula  2,  we  have,  in  addition  to  the  values  just 
stated, 

W"  =  \^^  =  9,000  lb. 
Substituting  in  the  formula, 

K*/'  =  «>000(2^-iy)  =  W,400  lb.    Ans. 


EXAMPLES    FOR    PRACTICE 

1.  A  five-panel  bridge  whose  panel  length  is  14  feet  carries  a  live 
load  of  1,440  pounds  per  foot.  Required:  (a)  the  distance  x  that  the 
load  should  extend  to  the  left  of  the  third  joint  (counted  from  the  left 
end  of  the  bridge)  in  order  that  the  live-load  shear  in  that  panel  may 
be  a  maximum;  (A)  the  value  of  the  maximum  shear  in  that  panel,  for 
one  truss.  Ar,e  /  ^^)  10.5  ft. 

-^"^■^d)  11,3401b. 
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2.  A  seven-panel  hritlge  wh*ise  panel  leugith  is  Ifi  feet  carries  a. 
live  load  of  1,500  pounds  per  faot.  Required:  {a)  tHe  distBnce  _r  thai 
the  load  should  extend  to  the  left  of  the  fourth  joint  (cotinted  from  the 
left  eod  of  the  bridge)  in  order  that  the  live-load  shear  in  that  panel 
may  be  a  maxiTnum:  (d)  the  value  of  the  maximum  shear  in  that 
paneli  for  one  truss.  .„    /(")  l^H  ft. 

\{S)  Ib.OOOlb. 

3,  {a)  In  the  bridge  in  example  "2,  bow  far  should  the  load  extend 
Xo  the  left  of  ihe  third  |oiat  (counted  from  theri^ht  end  of  the  bridge) 
in  order  that  the  Uvcload  shear  tn  that  patid  .should  be  a  majtimum? 
(A)  What  is  the  value  of  that  fthear  for  one  truss? 


Ans 


(a)  5^  ft 


0(Xf  lb. 


n 


63*  Approximate  Mettiod  of  Calculation, ^In  calcu- 
lating the  maximum  live-load  shear  in  any  panel,  it  is 
customary  to  assume  that  all  j^anel  points  oti  one  side  of  the 
panel  are  loaded  with  one  full-panel  load  and  that  those  on 
the  other  side  have  no  load*  ThuSj  the  maximum  live-load 
shear  in  ifc,  Fig.  26,  is  found  by  assuming;  each  of  the  joints 
/» «■,  rf,  and  c,  to  carry  a  full-panel  load,  and  the  joint  &  to  be 
unloaded.  The  shear  6  c  is  then  taken  equal  to  the  left 
reaclton  corresponding  to  this  assumed  distribution  of  the 
load.  It  is,  however,  obviously  impossible  fully  to  load  one 
panel  point  of  a  truss  by  means  of  a  uniform  load  placed 
on  the  floor,  without  also  causing  a  half-panel  load  at  the 
next  panel  point.  For  examplCj  the  point  c  cannot  be  fully 
loaded  unless  the  floor  in  the  panels  i>c  and  ct/ is  loaded,  and 
this  gives  a  half-panel  load  at  the  point  A,  If  the  load  at  * 
ts  neglected,  and  it  is  assumed  that  there  is  a  full-panel  load 
at  Ct  the  computed  shear  in  the  panel  dc  will  be  too  large. 
This  approximate  method,  therefore,  gives  results  larger 
than  the  actual  shears,  but,  as  the  error  is  not  great,  it  is 
nsually  neglected.  The  error  is  greatest  near  the  center 
of  the  trusSj  and  zero  at  the  end — a  result  not  altogether 
undesirable,  as  it  tends  to  increase  the  size  of  the  small 
web  members  near  the  center^ 
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GENERAL    METHODS   OF  CALCULATING 
STRESSES 


INTRODUCTION 

64,  Conditions  of  Equilibrium. — The  stresses  in  the 
members  of  a  structure  are  determined  by  applying  the  gen- 
eral conditions  of  equilibrium  established  and  illustrated  in 
Analytic  Statics^  Part  2,  and  in  Graphic  Statics.  As  there 
stated,  when  a  structure  or  any  part  of  it  is  in  equilibrium 
under  the  action  of  forces,  the  forces  fulfil  the  following  con- 
ditions: (1)  the  algebraic  sum  of  their  verti- 
cal components  is  equal  to  zero;  (2)  the 
algebraic  sum  of  their  horizontal  components 
is  equal  to  zero;  (3)  the  algebraic  sum  of 
their  moments  about  any  point  or  line  is 
equal  to  zero. 

If  St  Fig.  27,  represents  the  stress  in  any 
member;  H,  the  angle  that  the  member 
makes  with  a  horizontal  line;  A',  the  hori- 
zontal component  of  5;  and  K,  the  vertical 
component;  then,  any  two  of  the  quantities  5,  X,  Y  can  be 
found  from  the  right  triangle  ABC  when  the  other  quantity 
and  the  angle  H  are  known.     Thus, 

A'  =  5  cos  ^,  K  =  5  sin  //  =  ^  tan  //,  5  =  A'  sec  H,  etc. 
The  functions  of  the  angle  H  can  usually  be  determined 
from  the  dimensions  of  the  truss,  in  which  the  lengths  of  the 
horizontal  and  of  the  vertical  members  are  generally  known. 
Thus,  for  calculating  the  stresses  in  B Cy  Fig.  29  (a),  we  have 

tan//  =  tan  Bcb  =  --; 

be 


sec//  =     -  = ,  ^ =\/l  H-  (--)  »  etc. 

(>c  be. 


i  -  (f^)' 
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As  usual,  forces  acting  upwards  will  be  treated  as  positive, 
and  those  acting  downwards  as  negative. 

For  a  vertical  member,  the  angle  H  js  90°.  the  horizontal 
component  is  aero,  and  the  vertical  component  is  equal  to 
the  stress  ia  the  member;  for  a  horiEontal  member,  the 
angle  H  is  zero,  the  horizontal  component  is  equal  to  the 
stress  in  the  member,  and  the  vertical  component  13  zero. 

As  explained  in  Analylu  Sfa/ics,  Part  2,  the  three  condi- 
tions of  equilibrmm  are  thus  expressed  algebraically: 
V  A'  =  2'  S  cos  ^  =  0 
2'  y=  1'  S  sm/i  ^  0 
IM^  0 

66.  Free-Body  Method. — In  applying  the  foregoing 
principles  to  the  calculation  of  the  stresses  in  the  members 
of  a  truss^  the  truss  is  considered  as  cut  into  two  parts  by 
a  surface  that  cuts  several  members,  among  them  the 
member  or  members  whose  sLresaes  are  sought.  Either  of 
the  two  parts  is  treated  as  a  free  body  held  In  equilibrium 
by  the  loads,  if  any,  that  act  on  that  part  of  the  truss,  and 
by  external  forces  applied  to  the  members  cut  by  the  sur- 
face, those  external  forces  being  numerically  equal  to  the 
stresses  in  the  corresponding  members.  The  unknown 
stresses  are  then  determined  by  applying  the  general  con- 
ditions of  equilibrium  to  the  system  of  forces  acting  on  that 
part  of  the  truss  which  is  treated  as  a  free  body.  In  order 
that  those  conditions  can  be  applied,  the  cutting  surface 
should  not  intersect  more  members  in  which  the  stresses  are 
unknown  than  there  are  equations  of  equilibrium. 

This  subject  wilt  be  fully  illustrated  in  subsequent  articles. 

60.  Inrteterfnlnate  Btrossea. — There  are  cases  in 
which  it  is  impossible  to  cut  the  truss  by  a  surface  without 
cutting  more  members  than  there  are  equations  of  equilib- 
rium. The  stresses  in  some  of  the  members  cannot  then 
be  found  directly  by  applying  the  principles  of  statics  to  the 
members  cut,  and  it  is  necessary  to  calculate  one  or  more 
of  the  stresses  independently,  or  to  make  an  assumption 
regarding  the  distribution  of  stress  among  them,     A  truss 
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in  which  the  stresses  cannot  be  found  by  the  principles  oi 
statics  is   said  to  be   statically   undeternitned.     The  a 
of  such  trusses  should  be  avoided  as  much  as  possible. 

t?7.     Total   Strei^ses. — The   total  or   resultant  stress  ia 
any  member  is  found  by  adding:  together  the  stress  due  to 
dead  load  and    that   due   to    live   load.     This   resultant  i 
sometimes  called  the  combluc*!  stress* 


] 


68i  Analytic  uud  tiraphlc  Metiiods. — Stresses  may 
be  detemiined  either  analytically  or  graphically.  In  some 
cases,  the  former  method  is  preferable;  in  other  cases,  the 
latter.  The  analytic  method  gives  exact  results,  is  very 
easily  applied  to  simple  types  of  structures,  such  as  parallel- 
chord  trusses,  and  is  used  to  a  £:reat  extent  in  trusses  that 
support  live  loads.  The  graphic  method  gives  close  approxi- 
mations to  the  real  stresses,  is  easily  applicable  to  all  types 
of  structures,  and  is  especially  useful  in  trusses  that  sup- 
port only  fixed  loads,  particularly  those  trusses  that  have^^ 
curved  or  inclined  chords.  In  practice,  it  is  customary  t^M 
use  the  method  that  will  give  the  desired  result  with  the 
least  amount  of  work.  The  stresses  found  by  one  method 
may  be  checked  by  applying  the  other  method. 


ANALYTIC  METHODS 


METHOD    or    SECTIONS 

69-     tSeneral  Doscrlptlou  of  tlir  Methwl* — When 
members    cut    by   a    surface— usually    a    plane — are    no 

concurrent,  as  when  a 
plane  PQ^  Fig*  28,  cuts. 
two  chord  members  am 
a  web  member,  the' 
stresses  in  one  or  two 
oi  the  members  cut 
may  be  found  by  apply- 
ing the  equations  of  equilibrium  to  the  part  on  either  side — 
customarily  the  left-hand  side— of  the  cutting  surface,  that 


I 
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part  being  treated  as  a  free  body.  This  method  of  determin- 
ing stresses  is  called  the  ttietliod  of  sectlana.  Some  of 
the  stresses  may  be  determined  by  applying  the  equations  of 
mgmeuls  {I'Af  =  0),  and  others  by  applying  the  equations 
of  components  (IW  =  0,  S  V  =  0),  The  method  is  called 
also  the  method  of  tiionientv  and  shears*  When  the 
equation  of  moments  is  used  to  determine  the  stress  in  one 
of  three  members  cut,  as  A  C  (or  A  D),  the  origin  of  moments 
should  be  taken  at  the  intersection  (in  this  case  B)  of  the 
other  two. 

This  method,  being  well  adapted  to  all  cases,  is  used  more 
than  any  other,  but  is  of  special  value  for  the  determination 
of  horizontal  and  vertical  stresses. 

i 

70*  Special  Case* — The  application  of  the  method  will 
be  understood  by  considering  a  special  case.  Fig.  29  [a] 
shows    a    truss    loaded    with    three    equal    loads    W.      The 

reactions  R^  and  R^  are  each  equal  to  -— .     Il  is  proposed 

to  find  the  stresses  in  B D,  Bc^  and  be.  The  truss  being  cut 
by  a  plane  PQ^  the  part  on  the  left  is  treated  as  a  free  body 
held  in  equilibrium  by  the  reaction  7?,,  by  the  load  W  ^t  6, 
and  by  the  forces  *S,»  S,,  and  5,,  equal,  respectively,  to  the 
stresses  in  B  D,  Bc^  and  dc,  these  forces  acting  at  A',  /,, 
and  A',  as  shotsm  in  Fig,  29  lb).  The  directions  in  which 
5,,  S,.  and  S,  act  are  not  known,  but  may  be  assumed:  if 
the  value  of  a  stress  comes  out  positi^'Cj  the  assumed  direc- 
tion is  correct;  if  negative,  the  stress  acts  in  a  direction 
opposite  to  the  oue  assumed.  In  general,  the  true  direction 
can  be  ascertained  by  inspection, 

Member  ^r.  -The  vertical  forces  acting  on  the  part 
aBKLN.  Fig.  29  (^),  are  R,,  ~W.  and  -S^s'mN,  There- 
fore, the  equation  1'  S  sin  //  =  0  gives 

R,-W-S,%\nH  ^  0; 

W 


whence       S,  sin  H 


2  2 


wood 


5.= 


2  sin  ii 


W 


CSC  H  — 


JV^^JbT^B? 
2  B^ 
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The  value  of  5*,  is  positive;  therefore,  the  assumed  direc- 
tion is  correct.  If  the  force  5,  is  applied  to  B L  2X  L^  the 
joint  B  being  supposed  to  be  fixed,  its  effect  will  be  to 
lengthen  B  L\  hence,' the  stress  in  B  L^  and  therefore  in  Bc^ 
is  tension.  If  the  value  of  5,  had  come  out  negative,  this 
would  have  indicated  that  the  direction  of  S%  was  opposite  to 


Fig.  29 

that  assumed,  and  that  the  stress  in  Be  was  compression 
instead  of  tension. 

It  will  be  noticed  that  the  vertical  component  of  the  stress 
in  ^^  is  the  shear  on  the  truss  at  the  section  P  Q.  For  this 
reason,  the  method  of  determining  stresses  by  applying  the 
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equation  ^-S"  sin  H  =  f?  is  called  the  method  of  shears. 
This  method  is  especially  useful  in  finding-  web  stresses. 

Member  B D. — From  the  equation  IM  =  0,  taking  the 
point  c  as  the  center  of  moments  and  assuming  that  S^  acts 
toward  the  point  B,  we  have,  since  the  lever  arms  and,  there- 
fore, the  moments  of  S^  and  .S^  about  c  are  each  zero, 

/?,  X2;>-  JFX^-S,  X  //  -  0; 
whence 


S.  = 


x2p^  wxp 


=  2m 


w 


h  h 

The  value  of  5,  is  poi^iltve,  which  shows  that  the  assumed 

direction  is  correct,  and  that  the  stress  in  5  /?  is  compression. 

AUmher   ^r.^From    (he    equation    -i'  .1/  =   0,    taking    the 

point  B  as  the  center  of  moments,  and  assuming^  that  S^  acts 

away  from  AT,  we  have,  since  the  lever  arms  and,  therefore, 

the  moments  of  W,  S^,  and  S,  about  B  are  each  zero, 

J?.  X  ;^  -  5.  X  A  =  0; 

R.Xp  ^     %_^  _  Zp 
h 


I       the  mot 
whence 


S,  = 


^^^w 


h         ^h 

The  value  of  S^  being  positive,  the   assumption   that  5", 
acts  away  from  the  point  b  is  correct,  and  the  stress  in  ^f 
^^s  tension.  

^V  METHOD    OF    JOINTS 

^^V      71*     Uenernl  Desorjptlon  of  the  Method* — When  the 

r      truss  is  cut  by  a  curved  surface,  as  G F/,  Fig.  28,  in  such  a 

manner  that  all  the  members  cut  are  concurrent,  the  stresses 

in  one  or  two  of  these  members  can  he  determined  by  con- 

^dering  as  a  free  body  that  part  of  the  truss  which  contains 

le  joint  fin  this  case  B)  common  to  the  members  cut,     This 

[s  called  the  inc^tluxL  of  Joturs^  or  the  luethoil  uf  Ff'solu*- 

on    of    foi't'cs.     The    equations    best    adapted    to    this 

icthod  are  the  equations  of  components  —5  sin  //  =  0^  and 

fScos//  =  0. 

The    method    of   joints   is   especially   useful    for   findin;-r 
ttresses  in  parallel-chord  trusses  that  support  fixed  loads;  it 
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is  not  well  adapted  to  trusses  with  curved  or  inclined  chords, 
nor  to  those  that  support  live  loads. 


72.  Illustrative  Example.  —  Let  it  be  required  to  cal- 
culate the  stresses  in  the  members  of  the  truss  showa  in 
Fig.  29  (a).  Since  there  are,  in  this  case,  only  two  equa- 
tions of  equilibrium,  it  is  necessary  to  begin  with  the  joint  a, 
where  only  two  stresses — that  m  a  5  and  that  in  a  B — ^are 
unknown.  The  truss  is  cut  by  the  surface  G I^  and  the  part 
containing  the  joint  a  is  treated  as  a  free  body,  as  shown  in 
Fig.  1^9  {c).  The  forces  acting  on  this  part  are  R^^S^y  and  5.^ 
the  last  two  being  numerically  equal  to  the  stresses  \xi  a  B 
and  ab^  resj^ectively.  In  this  case^  //,  is  the  angle  made 
\yj  a  B  with  the  horizontal.  The  functions  of //»  (or  of  ^a^) 
can  be  found  from  the  triangle  Bab^  Fig.  29  {a). 

The  vertical  component  of  S,  iij  —  5,  sin  H^\  that  of  S>  isO; 

therefore,  the  equation  ^'  >'  ^  0  gives 

R^  -  S,  sin  H,  =  0, 

J? 
whence  Si  =     ,    \,    —  R^  esc  //i 

sin  //. 

The  horizontal  component  of  St  is  equal  to 

—  Si  cos  //,  = — '    cos  y/i  =  —  Ri  cot  //, 

sm/f, 

The  equation  1^ X  =  0  gives^  sinhe  the  reaction  j¥i,  being 
vertical,  has  no  ^component, 

S^-R,  coi/f,  =  0; 
whence  S^  =  /?,  cot  H^ 

It  is  necessary  to  consider  joint  b  next  before  going  to 
joint  B.  The  part  containing  the  joint  b  is  shown  in  Fig,  29  id) 
as  a  free  body.  The  forces  acting  are  5",.  already  deter- 
mined, W,  St,  and  S^.  As  neither  5,  nor  H^has  a  horizontal 
component,  the  forces  5.  and  S»  must  be  numerically  equal: 
and,  as  neither  S^  nor  S^  has  a  vertical  componejil,  Sy  must 
be  numerically  equal  to  fK.  This  determines  the  stresses 
in  d  B  and  b  c. 

The  joint  B  is  shown  in  Fig<  29  U)  as  a  free  body  acted 
on  by  the  forces  S,  and  5,,  aheatly  determined,  and  by  the 
unknown  forces  S*  and  S,,  which  are  equal,  respectively,  to 
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the  stresses  In  B  D  and  Be,  Since  the  force  5",,  beioe^  hori- 
xontal,  has  no  vertical  component,  the  equation  X  K  =  0 
takes  the  following  form: 

St  sin  J/i  —  S,  —  S»  sin  //,  =  0; 


whence 


S.  = 


Sj  sin  //,  —  Sm 


sin  Ni 

The  horizontal  component  of  S,  can  now  be  found,  and 
putting  the  algebraic  sum  of  this  component,  that  of  S^,  and 
that  of  S,  (which  is  equal  to  St  itself)  equal  to  zero,  the  valae 

,S»  can  be  found. 


^^^^  GRAPHIC   METHODS 

^m      73,     Method  of  Mojnenis  and  Hhear-s.— In  the  graphic 
^H  method,  the  moments  and  shears  are  found  by  means  of  the 
^^   force   polygon   and   the   funicular,    or  equilibrium   polygon. 
The  stresses  are  then  found  tn  the  same  way  as  in  the  ana- 
lytic method  of  sections.     This  graphic  method  (of  moments 
^m  and  shear^i)  is  as  a  rule  no  shorter  than  the  analytic  method 
^B  for  finding  the  stresses  in  bridge  trusses,  and  its  use  is  not 
recommended  for  the  ordinary  cases  of  loading.     There  are 
special  cases  of  loading,   which  will  be  discussed  later,  in 
I        which  it  is  sometimes  employed. 

^H     Fig.  30  (a)  shows  a  truss  with  five  panel  loads  IV.     The 

^H  force  polygon  for  the  external  forces,  including  the  reactions, 

^1  is  shoiATi  in   l**ig.  30  (r).  aod   the   equilibrium    polygon   is 

shown  in  Fig.  30  (^).     As  explained  in  Graphic  SlatkSi  the 

moment  at  any  point,  such  as  c,  is  equal  to  the  intercept  c^^' 

» multiplied  by  the  normal  ray  A^,  The  shear  in  any  panel, 
such  as  *r»  is  equal  to  R^  —  IF,  which  in  the  force  polygon 
Is  {0-t)  -  (J'2)  =  0-2. 
When  the  truss  is  cut  by  the  plane  PQ,  Fig.  30  (a),  the 
moment  of  the  stress  in  B  C  about  c  is  numerically  equal  to 
the  moment  of  the  external  forces  on  one  side  oi  FQ  about  f 
(see  Art,  70),  and  therefore  the  stress  \n  B  C  \^  obtained 
by  dividing  that  moment  by  the  lever  arm  Cc,  which  is  the 
^Htlepth  of  the  truss.  Tiie  vertical  component  in  Br  is  equal 
^fto  minus  the  shear  in  the  panel  bei  that  is,  to  muttn  the  alge* 
braic  sum  of  the  external  forces  on  the  left  of  PQ*     This 
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follows  from  the  fact  that,  if  i^Ms  the  shear  on  PQ  and  Kis 
the  vertical  component  of  the  stress  in  B  C\  then 
K+  F  =  0;  whence  K  =  -  V 


Fig.  30 


74.     Method  by  the  Sfr<'ss  Dlaprain.-- The  stresses  In 
the  members  may  also  be  found  by  the  stress  diagram  in  the 
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sa-me  way  as  by  the  method  of  joints.  The  stress  diagrram 
15  first  drawn  for  a  joint  at  which  the  number  of  unknown 
stresses  does  not  exceed  two,  then  for  the  next  joint  at  which 
the  number  of  unknown  stresses  does  not  exceed  two,  and  so 
on  until  the  desired  stresses  are  found.  This  is  called  Ibe 
metliod  l>y  the  stress  dlnin'aiii,  aod  is  very  well  adapted 
to  trusses  that  support  a  fixed  load,  especially  those  having 
curved  or  inclined  chords*  When  the  graphic  method  is 
shoner  than  the  analytic,  the  stress  diag^rani  gives  the  result 
with  less  work  than  the  ^aphic  method  of  moments  and 
shears,  and  is,  therefore,  preferable. 

Fi^,  30  (i/)  is  the  stress  dtag^ram  for  the  truss  shown  in 
Fig.  30  la).  The  portion  of  the  diagram  in  full  lines  gives 
the  stresses  in  all  the  members  to  the  left  of  the  center;  the 
portion  in  dotted  lines  giv^es  the  stresses  in  all  the  members 
to  the  right  of  the  center^  and  is  draw^a  simply  as  a  checks 
the  truss  and  loading  being  symmetrical. 

The  character  of  the  stress  in  any  member  may  be  found 
from  the  sense  of  the  vector  that  represents  the  stress  in  the 
member.  As  explained  in  Graphic  Siaiics^  if  the  sen3e  of  one 
of  the  vectors  of  a  force  polygon  representing  a  balanced 
ystem  is  known,  the  senses  of  all  the  others  may  be  found 
y  taking  them  in  cyclic  order  with  the  known  vector.  For 
example,  at  joint  a.  Fig.  30  (a),  there  are  three  forces,  as 
shown  in  Fig.  30  (^):  R,,  5»,  and  5,.  The  sense  of  R^  is 
upwards  and  is  represented  by  the  vector  0-1  in  the  stress 
diagram;  the  sense  of  St  is  given  by  taking  J-76»  and  of  S, 
by  taking  l€-0  in  cyclic  order  with  0-1,  Then,  5,  is  a 
pull,  as  the  direction  of  1-16  is  toward  the  right,  away  from 
joint  <?;  and  S,  is  a  push,  as  the  direction  of  i€-o  is  down- 
wards to  the  left  tow^ard  joint  a*  Therefore^  the  stress  in  ah 
is  tension,  and  that  in  a  ^  is  compression.  In  like  manner, 
the  character  of   the  stress  in  any  other  member  may  be 

itennined. 
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EXAMP1.SS    FOR    PRACTICE 

1.    Using  the  analytic  method  of  sections,  calculate  the  stresses  in 
the  members  bc^bCt  and  B  Cot  the  truss  shown  in  Fig.  31,  assuming 

■46'- 


a  load  of  5,000  pounds  at  each  of  the  joints  b^c,  and  d. 

{Stress  in    be  =  12,000  lb.  compression 
Stress  in  d  C  =    3,900  lb.  tension 
Stress  in  ^C  =    9,000  lb.  tension 

2.    Using  the  analytic  method  of  joints,  calculate  the  stresses  in 
the  members  that  meet  at  joint  b  of  the  truss  shown  in  Fig.  32. 

B       ' 


{Stress  in   a  ^  =  4,500  lb.  tension 
Stress  in  Bb  ^  4,500  lb.  tension 
Stress  in  *  C  =  2,120  lb.  compression 
Stress  in    be  -  6,000  lb.  tension 

3.  Using  the  stress  diagram «  determine  the  stresses  in  all  the 
members  of  the  left  half  of  the  truss  shown  in  Fig.  32,  assuming  a  load 
of  4,500  pounds  at  each  of  the  joints  b,  e,  and  d. 

Stress  in  a  ^  =  9,550  lb.  compression 
Stress  in  ab  —  6,750  lb.  tension 
Stress  in  B  b  =  6,750  lb.  tension 
Ans.{  Stress  in  ^C  ==  6,750  lb.  compression 
Stress  in  d  C  =  3,180  lb.  compression 
Stress  in   be  =  9,000  lb.  tension 
Stress  in  Cc  =  4,500  lb.  tension 
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PARALLEL-CIIOKD  TRUSSES 


TUK   SINGLE-SYSTJiM   WARREN  TRUSS 


INTRODUCTION 

1,  Description, — The  Warreu  trtisB,  Fig.  1,  is  a 
simple  type  of  truss  with  parallel  chords,  in  which  the  web 
members  are  all  inclined  and  make  the  same  angle  with  the 
vertical,  giving  the  truss  the  appearance  of  a  series  of  con- 
nected isosceles  triangles;  it  is  sometimes  called  the /r^a^^^/Zar 


fniss.  The  Warren  truss  is  used  in  deck,  through,  and  half- 
tbrougb  bridges,  is  more  frequently  built  as  a  riveted  than  as 
a  pin-connected  iruss,  and  is  especially  adapted  to  the  shorter 
spans  for  which  trusses  are  used.  For  spans  up  to  about 
100  feel,  it  is  frequently  spoken  of  as  a  lattice  girder.  For 
longer  spans,  it  is  sometimes  built  with  subdivided  panels, 
^QfT  With  multiple  systems  of  web  members. 

^^ieH£hi*d  by  fmitrmtliomaf  T*jrt6wJ^  CompQtty,    Enterf4  at  Statttmer**  Hull,  Londo/t 


2  STRESSES  IN  BRIDGE  TRUSSES  §68 

2.  Methods  of  Calculation. — The  stresses  in  the  mem- 
bers of  the  simple  type  of  Warren  truss  can  be  readily  found, 
either  graphically  or  analytically,  by  applying  the  general 
conditions  of  equilibrium.  The  work  of  calculation  by  the 
analytic  methods  is  so  simple  that  the  graphic  method  is 
seldom  used  in  practice  for  this  type  of  truss. 

The  analytic  methods  are  illustrated  in  the  following  arti- 
cles, which  contain  the  calculations  of  the  maximum  and 
minimum  stresses  in  all  the  members  of  the  six-panel  truss 
shown  in  Fig.  1.  This  truss  has  a  span  of  90  feet  and  a 
height  of  12  feet;  the  dead  load  is  taken  as  600  pounds,  and 
the  live  load  as  1,600  pounds,  per  linear  foot  of  the  bridge;  all 
the  dead  load  is  assumed  to  be  applied  at  the  joints  of  the 
loaded  chord,  and  the  truss  is  assumed  to  support  one-half 
the  entire  load  on  the  bridge. 


METHOD    OF    SECTIONS 

3.  Panel    Loads    and    Reactions. — The    dead    panel 

600 
load  H-^'  for  one  truss  is  equal  to  --    x  15  =  4,500  pounds. 

it 

As  explained  in  Stresses  ht  Bridge  Trusses,  Part  1,  the  number 
of  panel  loads  considered  in  determining  the  reactions  is  one 
less  than  the  number  of  panels  in  the  truss.  In  this  case,  the 
number  of  panels  in  the  truss  is  six;  therefore,  only  five 
panel  loads  are  taken  into  account  in  determining  the  reac- 
tions. The  reactions  ^/  and  ^,',  Fig.  2  (a),  due  to  the  dead 
load  are  each  equal  to 

4^500x5  ^  11^250  pounds 

1  fiOO 
The  live  panel  load  JV"  for  one  truss  is  equal  to  -~—  X  15 

=  12.000  pounds;  and  the  reactions  ^/'  and  ^,"  for  a  fully 
loaded  truss  are  each  etjual  to 

12JX)0  X  5  ^  3^^^jQQ  p^^^^g 

4.  Chord  StresseK   In  <;(>iuM'nl. — Chord  stresses  may 
be    conveniently    determined    by   the   method    of    sections 
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explained  in  Analytic  Siaiks^  Part  %  and  in  Stresses  in  Bridge 
Trusses^  Pan  1.  The  dead  loads  and  reaciions  are  shown  in 
Fig.  2  (a).  The  method  will  be  illustrated  by  determining 
the  dead-load  stresses  in  CD  and  cd.  The  truss  may  be 
Considered  cut  by  a  plane  q  intersecting  the  members  C D^ 
bf/?,  atidr*/.  The  portion  of  the  truss  to  the  left  ot  section  q 
IS  shown   in   Fig.  2  (i),  the  external  forces  being  R*  at  a, 


W*  at  ^,  W*  at  r.  and  theiorces  5i,5s,  and  5.,  equal  numer- 
ically lo  the  stresses  in  the  members  cut. 

Assuming"  that  the  stress  in  CD  is  compression,  S^  will  be 
irected  toward  the  left,  and  its  magnitude  may  be  com* 
led  by  taking  moments  of  all  the  forces  about  f,  the 
point  of  intersection  of  S*  and  S^,  The  moments  of  the 
ad  at  r  and  of  *S\  and  S^  are  each  equal  to  zero*  since 
cir  lever  arms  are  zero,     Wiitmg  the  equation  for  the 
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moments  of  a!l  the  forces  shown  in 
point  Cf  we  have 

y?/  X  30  -  PF'  X  15  -  5.  X  12  =  0; 

whence 


Fig,  2  ib)  about  the 


5H^ 


S.  * 


^/  X  30  -  W^'  X  15 


12 


X  30  -  ly'  X  15 


12 


4fK^Xl5 
12 


As  the  value  of  Si  comes  out  positive*  the  assumption  that 
the  stress  in  CD  is  compression  is  correct.  The  advantage 
of  taking  r  as  a  center  of  moments  is  that,  by  so  doing,  an 
equation  is  obtained  that  contains  bnt  one  unknown  forccj 
namely,  5,;  the  other  two,  S,  and  5.,  do  not  appear  in  the 
equation^  since  the  moment  of  each  is  zero.  The  center  of 
moments  may  be  taken  at  any  point,  whether  it  is  on  the 
structure  or  not*  but  it  is  better,  if  possible,  to  take  it  at 
the  intersection  of  two  of  the  members^  thereby  elimina- 
ting: the  stresses  in  those  members  from  the  equation  of 
moments. 

To  find  5,,  the  center  of  moments  may  be  taken  at  the 
intersection  D  of  S^  and  *S,.  Assuming^  the  stress  in  £*  rf  to 
be  tension,  S,  will  be  directed  toward  the  right.  Taking 
moments  about  i?, 

J?/  X  37.5  -IV'X  22.5  -  W*  X  7.5  -  5.  X  12  =  0; 
^/  X  37.5  -  W  X  2a.5-  ^^X7.5 
12 


whence      S,  = 


H  this  comes  out  positive,  the  assumption  that  the  stress 
in  cd  is  tension  is  correct;  if  negative,  the  stress  is  com- 
pression, but  its  numerical  value  will  be  that  determined  by 
the  last  equation. 

In  a  similar  manner,  if  the  stress  in  DD^  is  required^ 
the  truss  may  be  considered  cut  by  a  plane  r^  intersecting 
DD',  Dii,  and  cd,  or  by  a  plane  j,  intersecting  D  /y,  d D*^ 
and  dd.  The  portion  to  the  left  of  section  r  is  shown  in 
Fig,  2.  (r);  the  portion  to  the  left  of  section  s  is  shown  in 
Fig.  2{rf).  The  proper  center  of  moments  is^.  The  stress 
in  DZy  will  be  assumed  as  compression^  then,  5,  will  be 
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5.  = 


directed   toward   the   left.      Writing  the   expression  (or    the 
monaent  at  iL 

I  R/  X  45  -  W  X  30  -  W*  X  15  -  5.  X  12  =  0; 

R,'  X  45  -  W  X  30  -  W  X  15 
12 
Id  Fig.  2  [c),  the  lever  arms  of  S,  and  S^  are  each  zero; 
in  Fig,  2  (d),  the  lever  arms  of  S»  and  5^  and  of  the  load  at  */ 
are  each   aero;   hence*  these  do  not  appear  ia  the  equation 
of  moments. 

The  values  of  the  other  chord  stresses  can  be  found  in 
similar  matjuer.     All  upper-chord  members  will  be  in  com- 
pression and  all  lower-chord  members  in  tension* 

5.     It  will  be  seen  that  the  numerator  of  the  expression 

.for  the   stress  in   any   chord   member   is,  in   each  case,  the 

turn  of  the  moments  of  the  panel  loads  and  reactions  at  the 

left  of   the  section,  about   the  joint   opposite   the   member. 

This    sum   is   the    bending   moment   on  the  truss   at    that 

point.     The  denominator  is  the  height  of  the  truss.     We 

may,  therefore,  state  the  following  general  principle: 

^^    Tke  stress  in  arty  chotif  mfmbff  of  a  simple  Warren  intss 

^Hb  tgual  iff   ihe    bending   moment   on    the   irusSy   at    the  Joint 

^HUumV^  the  member  cmsidendt  divided  by  the   tteight   of  tfte 

^R    6.     Dea<l-T*ofld   Chord  Stt^sses.^— Applying  the   prin- 
ciple just  stated  to  the  determination  of  the  dead-load  chord 
resses,  the  following  values  are  found: 

moment    at^^  ^  11.250  X  7,5 
height  ~  12 

=  7,030  pounds,  tension. 

moment  at  C      11,250  X  22.5  -  4,500  X  7.5 


Stress  in  a  ^  = 


Stress  in  ^r  = 


height 
18,280  pounds,  tension, 
moment  at  D 

height 
11.260  X  37.5 


12 


4,500  X  22.5 
12 


4,500  X  7.5 


=  23,910  pounds,  tension. 
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o*  or-      moment  at  b        11,250  X  15 

Stress  m  B  C  —        ■- — : =    -—      ^ 

height  12 

=  14,060  pounds,  compression. 

Stress  in  CD  =  ^^Q"^^"^  ^^  *^  ^  1?  '250  X  30  -  4,500  X  L^ 

height  12 

=  22,500  pounds,  compression. 

o*         •     7~»  rw      moment  at  d 
Stress  m /?/>  = 

height 

^  lUoO  X  45  -  4,500  X  30  -  4,500  X  15 

12 
=  25,310  pounds,  compression. 
As  the  truss  is  symmetrical,  the  stresses  in  the  members  on 
the  right  of  the  center  are  equal  to  those  in  the  correspond- 
ing members  on  the  left.  That  is,  the  stress  in  lyO  is 
equal  to  the  stress  in  CD;  the  stress  in  C  B'  is  equal  to  the 
stress  in  B  C;  etc. 

7.  Jjive-Load  Chord  Stresses. — The  maximum  bend- 
ing moments,  and,  therefore,  the  maximum  chord  stresses, 
due  to  a  moving  load,  occur  when  the  truss  is  fully  loaded. 
This  condition  of  loading  is  similar  to  the  dead  loading,  each 
panel  load  being  now  12,000  pounds,  and  each  reaction 
30,000  pounds,  in  place  of  4,500  and  11,250  pounds,  respect- 
ively. The  chord  stresses  may  be  foimd  in  precisely  the 
same  way  as  for  dead  loads;  thus, 

,  30,000X7.5  iQ7r:A  A 

stress  m  ab  —  — - — -^        =  18,750  pounds 

and  so  on.     The  results  are  (using  the  minus  sign  for  tension 
and  the  plus  sign  for  compression): 

Membkr  Stress,  in  Pounds 

ab  -  lfi,7o0 

be  -48,750 

cd  -63,750 

BC  -I-  37.500 

CD  +  60,000 

DD'  +67,500 

8,  As  all  the  dead  load  is  assumed  as  being  applied  at 
the  joints  of  the  loaded  chord,  the  live-load  stresses  in  the 
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^chords  may  be  obtained  from  the  dead-load  stresses  by  multi- 
plying the  latter  by  the  ratio  of  the  live  to  the  dead  load  per 

For  example,  the 


linear   toot,    which   ratio   is  ,  or 


dead-load  stress  in  itc  is  —18,280,  and  the  live-load  stress  is 


8 


1H.280  X  5  = 


4H,750  pounds 


19,  MuSLltnuin  and  Mhiimuni  ClLoi-d  Stresses. — Since 
Ihe  live-load  stress  in  any  chord  member  is  of  the  same  sign 
as  the  dead-load  stress,  the  maximum  stress  in  the  member 
is  equal  to  the  sum  of  the  uvo  stresses;  and  the  minimum 
stress  is  equal  to  the  dead-load  stress. 

^B     10.     Web  Stresses  In  Goiieral, — The  stresses  in  the  web 

members  may  be  found  by  the  method  of  shears,  explained  in 

StrnsfS  in  Bruij^r  Trusses,  Part  1.     For  example,  to  determine 

the  stress  in  the -web  member  f /?,  Fig.  2  (a)^  the  portion  of 

the  structure  to  the  left  of  section  ^  may  be  considered  as  a 

free  body,  as  shown  in  Fifj.  2  ib).     Any  of  the  conditions  of 

^■ftquilibrium  may  be  applied  to  the  forces  shown.     It  is  4,esir- 

^Mble,  if  possible,  to  use  an  equation   that  contains  the  web 

^PEorce  5*,,  to  be  determined,  hut  which  does  not  involve  either  of 

the  two  forces  S^  and  S^,    As  5,  and  S^  are  horizontal,  they  will 

not  appear  lu  the  equation  1  Y  =  1'  S  sin  //  —  0.     Assuming 

the  stress  in  f/?  to  be  compression,  *S,  will  act  downwards  to  the 

i;ft*    Writing  the  expression  for  1'  K  =  IS  sin  //  =  0  gives 
S  y  =   /?/  -  IV  -  If  -^  vertical  component  of  5.  =  0; 
bat  is,  denoting  the  angle  DcS^  by  //, 
ve/  -  2  W  ^  S,  sin  iV  =  0; 
rhence  5.  sin  N  =  R.'  -2  W' 

nd  5,  =  ^~-?i^'  =  (A'/  -  2  IP)  CSC  H 

sm  H 

The  term  A*/  —  2  H^'  is  the  shear  on  the  section  ^;  there- 
fore, the  vertical  component  5",  sin  //  of  S.  is  numerically 
iual  to  the  shear  on  the  plane  of  section  that  cuts  e  D.  In 
feneral,  the  f*>TTowing  principle  may  be  stitied: 
For  shig-ff-iysUm  paKifk^-ihord  Inn&es^  the  vefikalromponcftt 
ihf  stress  in  any  web  member  is  numerically  equal  to  the  shiar 
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on  (h€  plane  of  seciion  aitti?tg  thai  web  member  and  tht  iwa 
chord  members  between  which  tk^  web  member  lies;  and  the  stress 
in  the  snme  weh  member  is  numencafly  equal  Iq  the  shear  jusi 
referred  to,  multiplied  by  the  coscca^it  ol  the  arigle  thai  ike  rnsmber 
makes  with  the  horizontal. 

m 

11»  Cliiiracter  or  Web  Stressei«i, — If  the  shear  on 
section  g.  Fig,  2  (A),  is  positive,  the  resultant  of  the  externa! 
vertical  forces  on  the  left  of  the  section  acts  upwards;  then 
S,  must  act  downwards*  and  the  stress  in  r/?  is  compression. 
If  the  shear  is  negative,  ^a  acts  upwards,  and  the  stress  in  cf} 
is  tension.  If  the  shear  on  section  ;-,  Fig.  2  C^).  is  positive, 
the  resultant  of  the  external  forces  on  the  left  acts  upwards, 
S^  acts  downwards,  and  the  stress  in  Pd  is  tension.  If  the 
shear  is  negative,  5*,  acts  upwards,  and  the  stress  in  Dd  is 
compression.  These  conclusions  may  be  stated  as  a  general 
principle  thus; 

In  those  web  members  inclining  downwards  toward  the  left 
or  upwards  toward  the  light^  positive  shear  ransf's  compression, 
and  negative  shear  tension;  in  those  web  members  inclining 
upwards  toward  the  left  or  downwards  toward  the  right,  posi- 
tive shear  causes  tensioa^  and  negative  shear  compression,  ^J 

12*  Dead-Lottil  Blit-arw  anil  Wob  Stresses. — In  order 
to  calculate  the  stresses  in  the  web  members  due  to  dead 
load,  it  will  be  convenient  first  to  find  the  shears  on  the 
sections  cut  by  the  planes  o^p,  g'.etc.^  Fig.  3  (a).  They  are 
as  follows: 

Member  Section 

aB  o 

Bb  p 

bC  ^ 

Ce  r* 

cD  y  ' 

Dd  i 

diy  u 

From  symmetry,  tne  snears  to  the  right  of  the  center  (/ 
will  be  equal  and  of  opposite  sign  to  the  corresponding 
shears   on   the   left.     For   example,   the   shear   on   section 


Shear 

,  IN  Pounds 

4-  11.250 

+  n,250 

+ 

6.750 

+ 

6,750 

+ 

2.250 

-f 

2.250 

^ 

2.250 

STRESSES  IN  BRIDGE  TRUSSES 


/  is  +  2,250  pounds,  and  that  on  section  u  is  —  2^250  pounds. 
The  shears  on  the  sections  &  and  />  are  equal,  as  are  also 
those  on  g*  and  r^,  aad  those  on  /  and  /;  because,  in  each  case, 
the  two  planes  are  passed  between  the  same  two  panel  loads, 
tliat  1%,  in  the  same  panel  of  the  loaded  chord;  and,  as  in 
the  present  case  there  are  no  loads  applied  at  the  joints  of 
the  unloaded  chord,  the  shears  on  all  sections  in  any  panel 
are  equal.  As  all  shears  to  the  left  of  d  are  positive,  the 
stresses  in  the  members  aB^bC,  and  <:  D  that  incline  down- 


Fic.  3 

attve;  and  the  stresses 


wards  toward  the  left  are  com- 
pression, and  the  stresses  in  the 
members  Bb.Cc,  and  Dd  that 
incline  upwards  toward  the  left 
are  tension.  On  the  right  of 
the  center,  the  shears  are  neg- 
in  the  members  that  incline  down- 
wards toward  the  left  are  tension,  while  the  stresses  in  those 
that  incline  upwards  toward  the  left  are  compression.  In 
the  present  case,  the  stresses  in  a  B  and  ^A  are  equal  and  of 
opposite  signs,  as  are  also  those  in  ^Cand  Cc,  etc. 

Referring  to  Fig.  3  (a),  and  applying  the  getieral  prin- 
ciple given  in  Art,   10,  we  have  


CSC  H  ~  CSC  BaK  = 


N^M^T 


B/C 


Ba 
BK 


12 


BK 


=  1.18 
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The  web  stresses  can  now  be  computed.     They  are  as 

follows: 

Member  Stress,  in  Pounds 

aB,  a'B'  11,250  X  1.18  =  -1-  13,280 
Bb,  B'b'  11,250  X  1.18  =  -  13,280 
b  C  b'  a  6,750  X  1.18  =  +    7,970 

Cc,  CV  6,750  X  1.18  =  -    7,970 

cD,c'  ly  2,250  X  1.18  =  -h    2,660 

Dd,  lyd  2,250  X  1.18  =  -    2,660 

13.  Llve-Iioad  Shears  and  Web  Stresses. — The 
stresses  caused  in  the  web  members  by  the  live  load  may  be 
found  from  the  shears.  As  the  maximum  stresses  are 
desired,  the  truss  must  be  so  loaded  as  to  cause  the  maxi- 
mum shear  for  each  case.  The  approximate  method  of 
loading' explained  in  Stresses  in  Bridge  Trusses,  Part  1,  will 
be  used.  The  maximum  positive  shear  in  any  panel  occurs 
when  all  joints  to  the  right  of  the  panel  are  loaded;  the 
maximum  negative  shear  occurs  when  all  joints  to  the  left 
are  loaded.  Thus,  in  member  Cc,  Fig.  3  (a),  the  maximum 
tension  occurs  when  all  joints  from  c  to  b'  are  loaded;  and 
the  maximum  compression  occurs  when  the  joint  b  is  loaded. 
When  joints  c  to  b'  are  loaded,  the  left  reaction  is 

12,000x_il+_2  +  3  +  4)  ^  20.000  pounds 

As  there  is  no  load  at  by  the  only  force  acting  on  the  por- 
tion of  the  truss  to  the  left  of  r'  is  the  left  reaction.  Then, 
the  shear  in  the  panel  be  i^  equal  to  the  left  reaction,^ 
Fig.  3  (b),  or  20,000  pounds.  The  stress  in  Cc  is  equal  to 
the  shear  in  panel  be  multiplied  by  esc  H\  or, 

stress  in  Cc  =  20,000  X  1.18  =  23,600  pounds,  tension 
In  like  manner,  the  stress  in  any  other  member  may  be 
found.     The  maximum  positive  live  shears  are  as  follows: 


ANEL 

L<).\i> 

Shear,  IN 
Pounds 

ab 

From  /'  to  // 

30,000 

be 

From  (■  to  h' 

20,000 

cd 

From  d  to  // 

12,000 

dt' 

At  c'  and  b' 

6,000 

c'b' 

At  b' 

2,000 
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In  the  panel  b'  a'  there  can  be  no  positive  shear. 
The  maxtmum  negative  shear  in  any  panel  is  iiumerically 
equal  to  the  maximum  positive  shear  in  the  corresponding 
panel  at  the  other  end  of  the  truss*  The  maximum  and 
minimum  stresses  in  the  members  can  now  be  found  by 
muUiplying  the  respective  shears  by  esc  H.  These  stresses 
are  ^ven  in  the  following  table:  , 


p — 

Pane! 

Member 

Positive 
Shear 

Pounds 

Stress  Due  £0 

Positive  Shear 
Pounds 

Negative 

Shear 
PouDds 

Stress  Due 
to  Negative 

Shear 
Pounds 

ah 

aB 

30,000 

+  3S.4O0 

ab 

Bb 

30,000 

-35.400 

br 

bC 

20^000 

+  23,600 

2,000 

-  2.360 

be 

Cc 

20+000 

—  23,600 

2,000 

+  2.360 

cd 

cD 

12^000 

-h  14,160 

6,000 

—  7,080 

a 

Dd 

12,000 

—  14.160 

6,000 

H-  7.080 

i 


c: 

I 


14*     Combtned     Shears     and    Web     StresseSp — The 

maximum  and  minimum  stresses  caused  in  the  members  on 
he  left  of  the  center  by  combined  dead  and  live  loads  may 
be  found  by  multiplying  the  maximum  and  minimum  shears, 
respectively,  by  esc  H.  The  maximum  shear  in  any  panel 
s  equal  to  the  sum  of  the  positive  dead-load  and  the  positive 
ive-Ioad  shear  in  the  panel;  the  minimum  shear  is  equal  to 
he  algebraic  sum  of  the  positive  dead-load  and  the  negative 
live-ioad  shear  in  the  paneL  In  columns  3  and  h  of  the 
following  table  are  given  the  maximum  and  minimum 
shears,  respectively;  while  in  columns  4  and  6  are  given  tlie 
maximum  and  minimum  stresses,  respectively,  each  stress 
being  obtained  by  multiplying  the  corresponding  shear  by 
CSC  H, 

In  the  members  aB  and  Bb^  the  minimum   stresses  are 
qua!  to  the  dead-load  stresses,  as  there  can  be  no  negative 
ivC'load  shear  in  the  panel  ab.     The  minimum  stresses  in 
f/^and  Dti2j^  of  opposite  sign  to  the  maximum,  because 


134—8 
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in  the  panel  cd  the  negative  live-load  shear  escceeds  the  posi 
live   dead-load    shear.     Under   the  special   conditions   here; 
assumed,  the  combined  shear  is  positive  when  the  joints  to 
the  right  of  d  are  loaded,  and  negative  when  those  to  the 


I 


I 

3 

3 

4 

5 

6 

] 

Panel 

Member 

Mauiraum 
Shear 

Pounds 

Maximum 
Stress 
Pounds 

Minimum 

Shear 

Pounds 

Miniraiam 
Stress 
Pounds 

ah 

aB 

+  41*250 

+  48,680 

+  11*250 

+  13.2S0 

ab 

Bb 

+  41,350 

-  48*680 

+  11*250 

-  13.280 

he 

bC 

+  26,750 

+  31.570 

+     4.750 

+     5,610 

be 

€d 

Cc 
cD 

+  26,750 
+  14^250 

-31.570 

+  n5^S2o 

+    4,750 
-    3.750 

—  5,610 

-  4*420 

cd 

Dd 

+  14.250 

-  :6,g2Q 

-    3.750 

+    4  ►420 

I 


left  of  d  are  loaded.  This  is  an  important  point,  and  shows 
that,  in  the  present  case^  the  members  €  D  and  Dd  are  some* 
times  in  tension  and  sometimes  in  compression,  according-  to 
the  position  of  the  live  load.  The  two  values  of  the  stress 
given   for  each  member  are  the  extreme  values  that  can 


D&ad^&od  Uys'loa^  Stresses 
Fig.  4 

exist  in  that  member  for  the  given  loads.  In  each  of 
members  aB,  Bb^  bC,  and  Cr,  the  stress  may  have  any 
value  between  the  extreme  values,  and  such  stresses  will 
always  be  of  the  same  kind,  that  is,  tension  or  compression* 
Id  each  of  the  mcnahers  cD  and  Dd^  the  stress  may  have 
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^^  any  value  between  the  positive  and  the  negative  value  given. 
The  stress  in  each  member  will  reverse  when  the  combined 

^K  shear  changes  from  positive  to  negative. 

J^  The  stresses  in  all  the  members  are  shown  in  Figs-  4  and  5, 
which  should  be  carefully  studied-     In  Fig.  4,  L  represents 


Pio.  & 

Che  HveOoad  stress*  and  D  the  dead-load  stress.  In  Fig.  5, 
the  maximum  is  placed  above  and  the  minimum  below  the 
line  representing  the  member.  Notice  how  the  maximuna 
and  minimtim  stresses  in  Fig.  5  are  obtained  by  addition 

tirom  the  stresses  in  Fig.  4. 
METHOD    OF    JOIKTfl 


15.  For  purposes  of  comparison,  the  maximum  and  mia- 
imtun  stresses  in  the  example  of  Art.  2  will  be  calculated  by 
the  method  of  joints.  The  truss  is  represented  in  Fig.  6  {A)^ 
the  dead  panel  load  being  4,500  pounds,  and  the  live  panel 
load,  12,000  pounds.     The  figure  gives 

L  col^=  coXBaK  =  ^=t|  =  -^25 

and,  as  before  (Art.  12),  esc  H  —  LIS. 

16.  Dead-'Load  Sti^esscs, — It  will  be  convenient  to 
start  at  joint  a,  as  there  are  only  two  unknown  stresses  at 
that  joint. 

Joint  a. — This  joint  is  represented  as  a  free  body  in 
ig,  6  (tf).  the  forces  acting  on  it  being  the  reaction 
/  =  11.2&0  pounds,  and  the  forces  Sx  and  S„  the  last  two 


T'~  "'\  A  l"^  "^ 
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^^ 


>        / 


^^11 
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/       >AI 
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represeating  the  stresses  in  a  B  and  a  A.  respectively.     The 

tress  xwaB  will  be  assumed  as  cutDpresaion,  and  that  in  a^ 

tension.     Then,  S,  will  act  downwards  to  the  left,  and  S^ 

orizQTilally  to  the  right.      From  the  general  conditions  of 

equilibrium,  we  have,  sitice  the  vertical  component  of  S^  is 

o, 

-l'K=  ^/-5.  sin  H  =^\ 

5,  sin  H  ^  R,'  ^  11,250  pounds 


whence 
^^nd 

^1    Likei 


5.  -  11,250  CSC  y/=  11,250X1.18 

=  1,^,280  pounds,  compression  \r\  a  B 

Likewise,  since  y?/  has  no  honzontal  component, 

:l  X  ^.  s,  cos  //- 5,  =  Oj 


=  11,250 


1^: 


whence 

S,  =  5,  cos  //  =  ]  1.250  CSC  H  cos  H 
cos_// 
sin  H 
^  11,250  cot  H  =  11,250  X  .625 
=  7.030  pounds,  tension  in  a  b 
Joint  5.— This  joint  is  represented  in  Fig-,  6  (B),  the  forces 
acting  on  it  being  S^,  Sj,  and  S^,  which  represent  the  stresses 
in  aB^Bb^  and  BC^  respectively.     The   force  ,5",  is  known 
and  acts  upwards  to   the  right;   the  stress  m  Bb  will  be 
assumed  as  tension,  and  that  in  j5  Cas  compression.     Then, 
',  w^ill  act  downwards  to  the  right,  and  S,  horizontally  to  the 
left.     From  the  conditions  of  equilibrium, 

^'  Y  =  S,  sin  H~  S,  sin  //  =  0\ 
whence        5,  sin  //  -  5j  sin  //  ==  11,250  pounds 
and    5',  =  11,250  esc  //  —  13,280  pounds,  tension  in  Bd 
,     Likewise, 

I  IX  =  S,  cos  //  -\- S,  cos  N  -  S.  =  0; 

whence 

S^  ^  (5, +  5,)  cos//  ^  (11,250  CSC //+  11,250  esc  A^)  cos  ^ 
=  22.500  CSC  HcosN  =  22.,500  cot  // 
—  14»060  pounds,  compression  in  ^  C 
Mnf  b.—This  joint  is  represented  in  Fig.  6  {6),  the  forces 
ting  on  it  being  S,,S^,S^,  and  A',,  which  represent   the 
resses  in  ad,  Bbt  bC^  and  bt^  respectively;  and  the  panel 
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load   of  4*500   pounds.      The   latter   acts   vertically  down- 
wards.  St  acts  horizontally  to  the  leftj  and  S,  acts  upwards 
to    the   leftj    St  and    5.   are    unknown.     The   stress   in   d 
will  he  assumed  as  compression,  and  that  in  ^r  as  tension 
Then^  S^  will  act  downwards  to  the  left  and  5.  horizontally 
to  the  right, 

V  K  =  5,  sin  //  -  4,500  -  5.  sin  H  =  0; 
whence 

S,  sin  N  ^  S.sinH-  4.500  ^  11,2.50  -  4,500 
=  6,750  pounds 
and 

5",  =  6,750  CSC  //  =  7,970  pounds,  compression  in  d 
Likewise, 

IX  =  S,  H-  5.  cos  N-\-S.cos/f-S.  =  0; 
whence 
S,  =  S,-h  S,  cos  //-\-S,  cos  N 

^  11,250 cot //^H-  11,250  csc^cos^+ 6,750  CSC y/cDs// 
=  29,250  cot  ff  =  18,280  pounds,  tension  in  be 
Joint  C, — This  joint  is  represented  in  Fig.  6  ( C),  the  forceff 
acting  on  it  being  S*.  S^,  5,,  and  S.,  which  represent  the 
stresses  in  BC,  bC,  Cc,  and  CD,  respectively;  S^  acts  hori- 
zontally to  the  right,  5»  upwards  toward  the  right,  while  S, 
and  S,  are  unknown.     The  stress  in  C/:  will  be  assumed  as 
tension,  and  that  in  CD  as  compression.     Then^  Si  will  a 
downwards  to  the  right,  and  S,  horizontally  to  the  left. 
1'  y  =  S,  sin  //  -  Si  sin  //  =  0; 

whence 

Sr  sm  //  =  St  sin  N  =  6,750  pounds 
and 

5,  =  6,750  esc  H  =  7,970  pounds,  tension  in  Cc 

Likewise, 

V  A'  =  5.  +  5.  cos  N-\-S,cos/f-  5*  =  0; 
whence 
5,  =  S.  +  S»  cos  //+  St  cos  // 

^  22.500  cot//+  6.750  esc //cos// +  6.760  esc /^  cos 

=  36,000  cot  N  =  22,500  pounds,  compression  in  CD 

Joint  €. — This  joint  is  represented  in  Fig.  6  Cr),  the  forces 

acting  on  it  being  S»,  S,,  S»,  and  5l«,  which  represent  the 
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stresses  in  be,  Cc,  r />,  and  fd,  respectively;  S^  acts  horiaon- 
talty  to  the  left,  and  Sr  upwards  lo  the  left;  while  5,  and  5i„ 
are  unknown.  The  stress  in  r /^  will  be  assumed  as  com- 
pressioDj  and  that  in  (Ti?^  as  tension,  Then^  5".  will  act 
downwards  to  the  left,  and  Si^  horizontally  to  the  ri^ht. 

y  y  ^  S,  sin  N-S,^in//-  4,500  =  0; 
whence 

S,  sin  //  =  S^smH-  4;500  =  6,750  -  4,500  =  2,250  pounds 
and 

5V  =  2,250  CSC  //  =  2,6()0  pounds,  compression  in  r  I? 
Likewise, 

IX  =  5.  +  5r  cos  //  4-  5.  coH  jV  -  S„  =  0; 
whence 
5,.  —  S,  +  Sr  cos  //  -\-  S,  cos  H 

=  29,250  cot  N  +  6  J50  esc  //cos  H  +  2,250  esc  jV cos  // 
=  38,250  cot//  =  2:;t,9l0  pounds,  tension  in  c  d 
Joint  D. — This  joint  is  represented  in  Fig<  B(Z>},  the  forces 
acting  on  it  being  5.,  S^,  5",,,  and  5„,  which  represent  the 
stresses  in  CD.  e D^   D d^   and   D D\   respectively;  ^S",   acts 
orizontaHy  to  the  right,  and  S^  upwards  to  the  right;  while 
5».  and  5^1,  are  unknown.     The  stress  in  Dd  will  be  assumed 
as  tension,  and  that  in  D  D^  as  compression.     Then.  S,t  v\'ill 
act  downwards  lo  the  right,  and  5.,  horizontally  to  the  left. 

1  Y  =  S^  sin  H  -  5.t  sin  //  =  0; 
whence 

5i.  sin  //  =  5.  sin  H  =  2.250  pounds 
and 

Sfi  =  2^250  CSC  //  -  2.660  pounds,  tension  in  Dd 
I     Likewise, 

1\\  =  S.  +  5,  cos  N  +  5u  cos  //  -  5x,  =  0; 
whence 
S.«  =  *S*  +  5>  cos  //  +  5,1  cos  H 

»=  S6,000  cot  f/  +  2.250  esc  //  cos  //  +  2,250  esc  //  cot  // 
=  40,500  cot  /i  ^  25,310  pounds,  compression  \n  D  fy 
Joint  i/.^This  joint  is  represented  in  Fig.  6 (of).     It  is  evi- 
dent at  once  that  S,,  is  numerically  equal  to  5i,t  and  that  .9,, 
is  oumericany  equal  to  *S',^.     Therefore,  the  stress  in  d  D*  is 
2,660  pounds  tension*  and  that  in  d€^  is  23,910  pounds  tension. 
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It   is  unnecessary   to  proceed  further  than  joint  d,  as  th< 
stresses  in  the  members  at  the  tight  end  are  the  same 
those  in  the  corresponding  members  at  the  left  end* 

From  ihe  preceding  discwssion,  it  may  be  seen  that  th< 
stress  in  any  web  member  is  equal  to  the  algebraic  sum  of 
all  the  vertical  forces  tliat  act  on  the  truss  on  the  left  of  the 
member  considered,  that  is,  to  the  shear  in  the  panel  in  which 
the  member  is  located*  multiplied  by  esc//  (see  Art.  10 J,     ■ 

17»     For  the  chord  members,  it  is  convenient  to  refer 
/9.  again    lo   the  stress  in  one  of  the  Tnembers,  such  as  c 

Fig.  C  (r)  ijoini  c).     The  equation  -^'A' =  0  gives 
5,»  —  S,  -f  5,  cos  //  +  .9,  cos  N 
Substituting  for  .S^  its  value  S,  +  ^iCosyZ-f  5".  cos  //y 
S\^  =  .S',  +  5",  cos  //  +  5»  cos  //+  St  cos  i/  +  5,  cos  N 
Likewise^  substituting  for  S^  its  value  J?iCOs//, 
Si«  —  5'i  cos  //  +  Si  cos  //  -^  S„  cos  //  -\-  S,  cos  //  -\-  Sm  COS 

Letting:   Ki  }'>.  etc.  represent  the  vertical  components  of 
the  stresses  Si,S,,  etc.,  and  substituting  for  S\,Sa,  etc.  their 
values  )', esc//.  K. csc//.  etc.,  respectively,  we  have 
Si,  =   Ktcsc //"cos //+  y'.csc //cos // -h  I",  esc //cos // 
H-  y,  esc// cos// +  }'.  csc//cos// 

=  y.cot//+  y,cot//H-  >;cot//+  y,cotA^ 

H-  Kcot//-  (K,  +  r, -h  n+  >;+  KJcot// 
Now\  KiCOt/Zt  3^5  cot //,  etc.  are  the  horizontal  compo- 
nents of  the  stresses  in  tjB^Bdj  etc.,  respectively,  and  the 
sum  of  these  components  from  y\  cot  //  to  }\  cot  //  is  the 
algebraic  sum  of  the  horizontal  components  of  the  stresses 
in  all  the  web  members  that  connect  with  the  lower  chord 
at  the  left  of  rrf.  In  like  manner,  it  may  be  shown  that 
the  stress  in  D ly  is  equal  to  the  alticbraic  sum  of  the 
horizontal  components  of  the  stresses  in  all  the  web  me 
bers  that  connect  with  the  upper  chord  to  the  left  of  D  £^i 
In  jjeneral, 

ThiT  stress  in  any  portion  of  either  chord  is  equal  to  the  alg 
hrtjfc  sHin  of  the  horizoniat  compom-nts  of  the  stresses  in  ail  th 
web  membtrs  that  conficct  K*itli  tkei'hordat  the  left  of  the  Portion 
considered. 
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18*  In  the  present  case»  the  web  members  all  make  the 
same  angle  with  the  horizontal;  Lhat  is«  //  is  constant,  and 
the  stresii  S^^  ill  a  chord  meinber,  such  as  Cf^,  is  equal  to 
{  >'.  +  K  H-  >*.  +  >'r  +  y\}  i:ot  //,  Leuing  1  K  reprejient  the 
sum  of  the  vertical  cotnponents  in  all  the  web  members  (hat 
connect  with  a  chord  at  the  left  of  any  portion,  then,  the  stress 
in  that  portion  may  be  tonnd  by  the  formula 
S  =  I'VXcoi// 
In  applying  this  formula  to  the  determination  of  the  stress 
in  a  chord  member,  care  must  be  taken  that  the  horizontal 

omponents  are  given  the  proper  signs.  For  example,  for 
Cif,  the  truss  may  be  considered  cut  by  the  section  pg, 
Fig.  6  if),  and  the  portion  below  and  to  the  left  of  this  sec- 
tion treated  as  a  free  body.  The  horizontal  forces  that  act 
on  this  portion  are  the  horizontal  components  of  5,,  ^'a,  etc., 
and  the  stress  in  ed:     S,,S^,  and  S,  act  downwards  to  the 

eft,  and  S»  and  S,  act  upwards  to  the  left;  therefore*  all  the 
horizontal  components  of  these  stresses  act  to  the  left^  and 
in  findiug  6',,  the  vertical  components  of  the  stresses  from 

1  to  Sm  must  be  adi/ed  numerically  to  find  1 V, 
From  the  foregoing,  the  following*  general  rule  is  derived: 
To  find  thf  stress  in  any  Wf'b  membcf  (tf  a  single-systetti  l\  ^arren 
iruss  by  iiie  meihod  of  joints,  tnuitipiy  iht  shear  in  tkt panel  in 
U^ftiiJi  thf  member  is  iacated  by  esc//;  to  find  the  stress  in  any 

hard  member,  multiply  by  cot H  ike  algebraic  sum  of  all  the 

hears  used  in  obiuinins  tfte  stresses  in  all  the  web  members  that 
rtneei  with  the  c/iord  at  the  left  of  the  member  considered. 
The  application  of  this  rule  can  be  greatly  simplified  by 

onsiructing  a  diagram^  as  shown  in  Fig.  7.     A  sketch  of  the 

russ  is  drawn  (not  necessarily  to  scale)  and  on  the  upper 
side  of  each  web  member  is  written,  with  its  proper  sign  and 
as  the  coefficient  of  esc  H,  the  shear  in  the  panel  in  which  the 
member  is  located.     On  the  upper  side  of  each  chord  member 

s  written,  as  the  coefficient  of  cot  //,  the  algebraic  sum  of 
the  shears  lhat  have  been  written  on  all  the  web  members 
that  connect  wiih  the  chord  at  the  left  of  the  member  con- 
sidered. On  the  under  side  of  each  member  is  written  the 
stress  obtained  by  performing  the  indicated  multiplication. 
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»The  plus  and  minus  signs  written  before  the  stresses  indicate, 
as  usual,  compression  and  tension^  respectively.  Thus,  in 
Fig.  7,  the  coefficient  +6,750  of  cac  N  on  r  C  \s  the  shear 
in  the  panel  ^c;  the  product  6J50  esc  //  gives  7»£>70,  which 
is  the  numerical  value  of  the  stress  in  ^  C,  The  coeffi- 
cient +  29*250  of  cot  H  on  be  is  the  algebraic  sum  of  the 
shears  written  on  the  members  a  i,  Bb,  and  ^C;  the  prod- 
uct 29,250  cot  H  gives  18,280,  which  is  the  numerical  value 
of  the  stress  in  be. 

19*  Lilve-r^iad  Chord  Stresses. — As  the  chord  stresses 
are  greatest  when  the  truss  is  fully  loaded,  it  is  necessary 
first  to  find  the  shears  due  to  a  full  live  load.  They  are 
as  follows: 

Paijki.  Shear,  in  Pounds 

^ah  30,000 

■  be  18.000 

P  €d  6,000 

These  values  are  written  on  the  upper  side  of  the  web 
members,  as  shown  in  Fig.  8,  and  the  coefficients  of  cot  H 
for  the  chord  stresses  are  found  by  adding  the  shears  as 
explained  in  Art.  18»  Then,  the  stresses  in  the  chord  mem- 
bers are  obtained  by  performing  the  multiplications  indicated, 
and  the  results  written  on  the  under  sides  of  the  tn  embers. 

20.  I-lve-IjOBd  Web  Stresses. — The  shears  that  were 
found  in  Art-  19  are  those  due  to  full  live  load,  the  shear  in 
any  panel  being"  the  difference  between  the  left  reaction  and 
the  sum  of  all  the  panel  loads  between  the  left  reaction 
and  the  panel  under  consideration.  For  example,  the  shear 
in  panel  cd  due  to  full  live  load  is 


12,000(1  +  2  +  3  +  4  +  5)  _  (12,000+12,000) 


12.000(1+2  +  3) 


]  +  p2^4i5)_(j2^_^^2^)j 


12,000(1  +2  +  3)1  _  ri2.000(l  +2) 
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The  expression  contained  in  the  left-hand  brackets  of  iht 
last  member  of  this  equation  is  the  left  reaction  that  would 
be  caused  by  loads  at  d,  r'.  and  S',  if  they  were  the  only  loads 
on  the  truss;  it  was  explained  in  Art.  13  that  this  is  the 
maximum  positive  live-load  shear  in  panel  aL  Also,  tha^ 
expression  contained  in  the  right-hand  bracket  is  the  maxi-" 
mum  negative  live-load  shear  in  panel  cd.  From  this  the 
following  principle  is  obtained: 

T/te  shear  in  any  panel  of  a  trms  due  to  full  live  load  is  equm 
to  the  nlgebtak  sum  of  the  maximum  live-had  positive  s/teat 
and  the  maximum  live-had  negative  shear  that  can  occur  ii 
that  panels 

=  shear  in  any  panel  due  to  full  live  load; 

-  maximum    positive    live-load   shear   that   cai 

occur  in  that  panel; 
=  maximum   negative  live-load   shear   that  cat 
occur; 

V/'  =   f--^'  -  VJ'] 
that  is,  the  maximum  positive  live-load  shear  in  any  panel 
may  be  found  by  subtracting  algebraically  the  maximum  ne^ia- 
live  Itve-load  shear  that  can  occur  in  the  panel  from  the  shear 
due  to  full  live  load.     This  principle  is  of  special  value  ii 
finding  live-load  web  stresses  by  the  method  of  joints;    thi 
shear  in  each  panel  due  to  full  load  Js  found  in  connectioi 
with   the   chord   stresses;   the    maximum   negative   shear   in 
each    panel   is    then    found   in   order   to    get    the    minimum 
stresses  in  the  members;  then,  the  maximum  positive  shear 
in  any  panel  may  be  found  by  sttbtracting  algebraically  the 
maximum  negative  shear  from  the  shear  in  the  panel  due  to^ 
full  load.  f 

In  panel  a  b  there  can  be  no  negative  shear.  Then,  in  this 
panel  the  maximum  live-load  stresses  occur  when  the  truss 
is  fully  loaded;  esc  //  may  be  written  after  the  shear  that 
has  been  written  on  a  B  and  /?c  (v?0,nOQ  pounds).  Fig.  S, 
and  the  stresses  found  by  multiplying  that  shear  by  esc  N. 
^\.1S1,  The  results  are  written  on  the  other  side  of  the  lineal 
chat  represent  aB  and  B6,     On  the  other  web  members* 
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:tly  under  the  values  of  the  shear  due  to  full  load,  are 
written*  as  coefficients  of  esc  H,  the  maximum  negative  live- 
load  shear  and  the  maxtmum  positive  live-load  shear,  the 
latter  being  obtained  by  subtracting,  algebraically,  the  nega- 
tive  shear  from  the  shear  due  to  full  load.  The  maxi- 
mum and  minimum  stresses  are  obtained  by  performing 
the  multiplications  indicated,  and  the  results  are  written 
on  the  under  side  of  the  members.  As  stated  in  Art.  18, 
the  plus  and  minus  sig^ns  written  before  the  stresses  represent 
compression  and  tension,  respectively.  Thus,  in  panel  ^^, 
Fig.  8,  the  shear  due  to  full  load  ( -f- 18,000  pounds)  is  written 
on  AC  and  Cc\  the  maximum  negative  shear  (  —  *2;000  pounds) 
is  written  under  -|-18»UO0^  and  is  the  coefficient  of  esc  //  for 
the  minimum  live-load  stresses  in  A  C  and  Cc.  The  algebraic 
difference  between  the  shear  due  to  full  load  and  the  maximum 
negative  shear,  +18,000- ( -2,000)  =  +20,000  pounds,  is 
then  written  under  —2,000  esc  H,  as  the  coefficient  of  esc//, 
for  the  maximum  UveOoad  stresses  in  A  C  and  Cc.  These 
stresses  are  obtained  by  performing  the  multiplications,  and 
their  values  are  written  on  the  under  sides  of  the  members. 
Thus,  for  the  member  AC  the  maximum  live-load  stress  is 
20,000  CSC  H,  or  +23,600  pounds;  the  minimum  live-load 
stress  is  -2.000  esc  M  or  -2.360  pounds* 

From  the  foreg^oing.  the  following  general  rule  is  obtained: 
To  find  the  maxifnuffi  (ind  mhtfrnttm  livi-ioad  sir£ssfs  in  ike 
web  members  of  a  sipgie-system  Warrai  in(ss.  what  ike  shears 
duf  to  iuli  tw  load  arc  kfwwn,  wriie  on  far//  membfr  the  max- 
imum negaiiv€  iii'e-had  shear  in  the  panel  in  which  Hie  memdcr 
is  iGcatedy  and  multiply  ii  by  esc  H  for  the  minimum  stress; 
subtract,  alj^cbraiccjNy,  the  tfia.iimf^m  ucj^aHve  shear  from  that 
due  to  futi  ioad,  and  nmitipiy  the  result  for  each  member  by 
(sc  H  for  the  maximum  stresses* 

The  combined  stresses  are  found  in  the  same  way  as  in 
Art.  14* 

ExAUPUt. — The  truss  represented  in  Fij?,  9  isa  Bevcu-panel  through 
Warren  tru!>s,  with  dimeniiioTis  as,  shown.  The  dead  load  is  1.000 
poQodSt  and  the  live  load,  2,000  pounds  per  linear  foot  of  bridge. 
Assaming  thAt  one-third  of  a  dead  pnaci  load  is  applied  at  each  of  the 
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joiDts  of  the  tipper  chord,  and  two-th:rds  Bt  the  joints  of  the  lowi 

h^  chord,  find,  by  tlie  method  of  joints,  the  max- 

«:  ~n  imum  and  ininiimum  stresses  in  atl  the  members. 

Solution.^ Each  dead  panel  load  is  equal  tO; 

1.U0OX15        --nn  ^ 

■    ^ =  /,oOO  pounds 

ol  which  S.OOO  pounds  is  applied  at  the  joinU  o£ 
the  lower  chord,  and  2,500  pounds  at  the  joints 
of  the  upper  chord.  It  will  be  noticed  that  there 
are  sii  joints  in  the  lower  chord  and  seven  in 
the  upper  chord.  It  is  cuslora*iry  to  assume  that 
one-third  of  a  panel  load  is  applied  at  each  of 
the  joints  of  the  upper  chord.  The  dead-load 
reaction  for  one  truss  is  equal  to 

^•'^->l«  + 2^™^,  23.750  po««d. 

Each  live  panel  load  is  equal  to 

2.000x15        ,_™,  , 
ly =  i^MW  pounds 

and   the  live-load   reaction    for   one   truss 
loaded  is  equr\l  to 

^ =  4n»000  pounds 

As  a  portion  of  the  dead  load  is  applied  at  the 
upper-chord  joints^  which  He  midway  between 
the  joints  of  the  lower  chord,  the  dead-load  shear 
in  any  panel  of  the  lower  chord  is  not  coastsnt. 
For  example,  iu  the  panel  Sr^  the  dead>loa4 
shear  from  *  to  C  is  equal  to 

3,^,75(1  -  (5,000  +  2.50OJ  =  16.250  pounds 
while  from  Cto  r  it  is 
23,760-  (5,000  +  2.500 -f2.500J,  or  13,750 poinds 


.^* 


The    figure    gives 
esc//  = 


V14'  +  7.6' 


^  1.134:  cot// 


'.ft 


-  J^7 


U  '  14 

The  dead-load  stresses,  found  by  the  rule  given  in  Art.  18^  are 
indicated  in  Fig.  10  (a);  the  live-load  stresses,  found  by  the  rule  given 
in  Art.  20^  are  indicated  in  Fig.  10  [d]^  As  the  dead-load  and  live- 
load  stresses  are  not  reqviired  separately,  the  work  will  be  shortened 
in  the  present  case  by  combining;  the  coefficients  of  esc //and  cot//, 
respectively*  and  indicating  the  m&Jtimum  and  minimum  stresses,  as 
represented  in  Pijj.  10  (f).  There  remains  now  simply  the  operntJoii 
of  multiplying  these  Loefficients  by  esc // and  cot  //,  respectively,  to 
ffet  the  masinium  and  the  rainimum  combined  stresses,  as  repre- 
sented in  Fig.  10  (rf).     The  student  should  verify  the  values  of  these 
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stresses.     Tile  sijsfnK  of  ihe  coefficients  given  in  Figs.  10  [a)  and  (A)  arei 
the  pfpns  of  the  shears;  tlie  raiOHs  and  plus  signs  in  Pig.  JO  {c)  ftod  {d) 
represent  tetisioti  and  conspression,  respectively. 
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THE    DECK    WAtlMEN    TRUSS 

21.  When  used  in  a  deck  brid^e^  the  Warren  truss  may 
be  supported  either  as  shown  in  Fig.  11  or  as  shown  in 
Fig.  12,  The  live  load  is  supported  at  the  joints  o(  the 
Tipper  chord;  the  dead  load  may^  be  assumed  to  be  applied  at 


a 

h 

e 

d 

e' 

b' 

a' 

'i'  -       \ 

/\ 

/\ 

/\ 

/\ 

/\ 

/y 

h.A    \ 

/  \ 

/  \ 

/  \ 

/  \ 

/  \ 

/    mk 

B* 


the  joints  of  the  upper  chord,  or  one-third  of  it  at  the  jointsj 
of  the  lower  chord.     In  calculating   the  stresses,  the  sarn< 
methods  and  rules  are  used  as  for  the  through  truss. 

In  Fig,  11,  each  panel  load  is  a  full  load.     In  Fig.  12,  th( 
loads  are  supported  between  A  and  B,  and  between  B^  and  AK 


B 


D' 


r' 


Fio.  rj 


by  the  end  stringers^  one  end  of  which  rests  on  the  abut- 
ments,  and  the  other  end  connects  with  the  floorbeam  at  B 
or  B'.  As  the  distances  .1  B  and  B'  A'  are  each  eqtial  to  a 
half  panel,  each  of  the  joints  B  and  B*  supports  three-quarters 
of  a  panel  load,  and  this  value  must  be  used  at  these  joints 
in  the  calculation  of  reactions  and  stresses. 


EXAMPLES    FOB     PRACTICE 
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1.     Supj>n5e  that  the  truss  represented  in  Fig-  S>hasft  span  of  112  feet, 
atid  a  height  of  Iti  feet;  if  the  deafl  l<*afl  t^  eqsmi  to  ^iOO  pouads.  all  of^_ 
which  is  Applied  at  the  joints  of  the  loarled  chord,  and  the  live  ^oftd  |^H 
1,800  pounds  per  linear  font  of  bridjje.  find;   ia)  the  maximiiTti  ao?^" 
minimum  cnmbinpf!  stresses  in  the  roembers  be,  CD,  and  d^T,  using 
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Ibe   method   of   joints;    (A)  the  mnsdmnm    and    minimwra   combined 
tresses  in  the  members  a  B,b  C,  and  d  D,  using  the  method  nf  sectians. 

Stress,  in  PoiiNns 


AtlB.^ 


Member 
be 

aB 

bC 
di) 


Kb) 


Maximi  M 

-  K\:2m 

-  l2-t,HlH> 

-  3U.200 


Minim  I'M 

-  *2">.*MH> 
+  32.000 

-  :iS.4tK;i 

+  12.0(X> 

-  250 


2.      Let  Fig.  9  repreacDt  a  seven -panel   deck  Warren  truss  havioe; 

le  same  loads  iind  dimensions  as  in  example  1   and  supported  in  n 

manner  simiJar  to  tlial  shown  hi  Fig.  12.     What  arc  the  minimum  and 

mERimum  sire^ises  due  to  coinbitied    defl,d  and    live    loadi    (a)    in   the 

menibers  Ar,  C D^  and  i/tT.  using  the  method  of  sections?     (A)  in  the 

iJmts  -ffi,  6^,  atid  Dd^  using  the  method  of  joints? 

Stress,  in  Pounds 


Membbr 

Maximum    Miwtmi'm 

\b£ 

-     K.%,WHJ  *"    -  I'HJOO 

A  n  s .  ■ 

{a\   ■  C^ 

+  101.400       4-HU200 

dd' 

-  127,400  r    -  30.2(H) 

Bb 

-    59.000        -  IT.CXX* 

[b)  ■  ^ 

-    o9,«*0        -  17.000 

\lTd 

-    2L7tH)       -f   tf.500 

THK  WARREX  TRUSS  WITH   Sl?BVEIlTlCAr>8 

22*     De&t'rl|»ticni. — The   simple   type   of    Warren    truss 
can  be  used   for   span   lengths   up   to   about  125  feet.     For 
longer  spans,  it  is  impossible  to  fulfil  the  economical  con- 
^itions  of  height,  panel  lengih,  and  slope  of  diagonals.     If 
e  proper  heigrht  of  trusts  is  used  and  the   diagonals  are 
given  an  economical  inclination,  the  panels  will  be  too  long^ 
BTid  it  is  advisable  to  subdivide  theni.     This  may  be  accom- 
ishetl  in  several  ways,  one  of   which   is  to  use   a  Warren 
ss    with  vertical  members  attached   to   the   joints   of  the 
nloaded   chord,   dividing   each   panel   of  the   loaded   chord 
to  two  equal  panels.     The  truss  is  then  called  the  Warren 
rii*.s  >virh  ttubvfPtU'uIs.     The  vertical  members  are  ten- 
ion  members  in  a  through  truss  and  compression  members 
n  a  deck  truss.     All  the  other  members  correspond  in  every 
ay  to  thf>se  in  the  ihroiigh  Warren  truss  in   Fig.  1.     The 
etbod  of  calciikitiou  is  the  iiame  as  for  the  single-systetn 
arren  truss. 
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In  Fig,  13  (a)  is  represented  a  twelve-panel  tbrougb  Warrel^l 
truss  with  subverticals.  having  a  span  of  180  feet  and  a  height 
of  24  feet.     Each  panel  load  will  be  denoted  by  IV,  and  the 
reactions,  as  usual,  by  A",  and  j?,. 


Fio.  11^ 

23*  Chord  Stresses. — The  stresses  in  the  upper-chord 
members  may  be  found  by  dividing  the  bending  momen 
at  the  opposite  joints  b.c.d,  etc.  by  the  height  of  the  truss 
the  stresses  in  the  lower-chord  members  may  be  found  b; 
means  of  the  bending  moments  at  B\  C,D^  etc.  (see  Art,  5}; 
Thus»  for  the  stresses  in  ^Tand  b  t\  the  truss  may  be  con- 
sidered cut  by  a  plane  g.  The  portion  to  the  left  of  section^ 
is  shown  in  Fig.  13  (^),  S^y  5.,  and  S^  representing  the 
stresses  in  the  members  I^CbC,  and  bi,  respectively.  The 
stress  in  -5  C  is  compression,  and  so  S,  will  act  horizontally 
to  the  left;  the  stress  in  bi  is  tension,  and  so  5s  will 
horizontally  to  the  right.  For  the  stress  in  B  Cy  the  cente: 
of  moments  is  taken  at  b.     Then. 

v^/  =  J?,  X  30  --  W  X  15  -  S.  X  24  -  0; 
whence 

R,  X  30- jTX  Ifi  ^  bending  moment  at  h 
24  24 

For  the  stress  in  bi^  the  center  of  moments  is  taken  at 
Then. 

2:M  =  jVc  X  45  -  Wx  30  -  Wx  15  -  5,  X  24  =  0; 


rd 

I 


^v,  = 
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whence 


5.  - 


IVX  30—  ?y  X  15  ^  bending  moment  at  C 
24  24 

For  the  stress  in  ic^  the  joint  /  is  treated  as  a  free  body, 
as  shown  in  Fig.  13  (c).  The  only  horizontal  forces  are  S^ 
and  S,;  therefore,  they  are  equal  and  opposite,  and  the 
stress  in  tc  is  equal  to  the  stress  in6i\  In  Uke  manner^ 
the  stress  in  a  A  is  equal  to  the  stress  in  k  6;  the  stress 
in  ej  is  equal  to  the  stress  in  jd,  etc.  Other  chord  stresses 
may  be  determined  in  the  same  way  as  those  here  explained, 

24,  Web  Stresses. — The  stress  in  each  vertical  is 
tension  and  equal  to  the  load  applied  at  the  foot  of  the  ver- 
tical. This  is  evident  when  the  equation  2'  K  —  0  is  applied 
to  the  forces  acting  on  such  a  joint  as  i\  Fig,  13  (c).  The 
only  vertical  forces  being  5,  and  the  panel  load  IV^  they  must 
be  equal  and  opposite.  Therefore,  the  stress  in  each  vertical 
is  equal  to  a  panel  load.  The  other  web  stresses  may  be 
found  by  the  method  of  shears  already  explained  (Art,  10), 

25,  Deck  Bridgre. — If  the  through  truss  in  Fig,  13  is 
inverted  and  used  as  a  deck  truss,  as  shown  in  Fig.  14,  the 
maximum  stresses  in  members  having  the  same  letters  in 


^e  two  figures  will  be  numerically  equal,  but  of  opposite 
characters.  If  the  truss  is  supported  as  shown  in  Fig.  1t5,  the 
stresses  in  all  the  members  but  the  verticals  will  be  of  the 


PiO.  IB 

^e  characters  and  have  the  same  numerical  values  as 
those  in  the  corresponding  members  in  the  through  truss  in 
Fij.  13.     The  verticals  will  be  in  compression. 
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EXAMPLES     FOR    PRACTICE 

1.  Suppose  that,  in  the  bridge  shown  in  Fig.  13,  the  dead  load  is 
1,00()  pounds,  and  the  live  load,  2,2U0  pounds,  per  linear  foot. 
Assume  that  all  the  dead  load  is  applied  at  the  joints  of  the  loaded 
chord.  What  are  the  maximum  and  minimum  stresses,  due  to  the 
combined  dead  and  live  load,  in  all  the  members? 


Ans. 


Member 

Stress,  in  Pounds 

Maximum 

Minimum 

aB^a'B' 

+  155.700 

+  48,«00 

B  c  B  a 

+  150,000 

+  46.900 

CD,  c  ly 

+  240,000 

+  75.000 

Diy 

+  270,000 

+  84.400 

ah,hb,a!h',h'bf 

-    82,500 

-25.800 

bUic^b'i'.i'c' 

-  202.500 

-  63.300 

cjjd,dj\fd 

-  262,500 

-  82,000 

Bh,Ci,DJ,jyj\  Oi'. 

&h'  -    24.000 

-    7.500 

Bb^B'b', 

-  129.000 

-  38.200 

bCb'C 

+  1(H.000 

+  26.000 

Cc,  CV 

-    80.500 

-  12.400 

cD^d  a 

+   58,700 

-    2.900 

Dd,  ad 

-    38,500 

+  19.900 

2.  Let  Pig.  16  be  a  ten-panel  deck  bridge  having  a  span  length  of 
150  feet  and  a  height  of  20  feet.  If  the  dead  load  is  900  pounds,  and 
the  live  load,  2,000  pounds,  per  linear  foot,  and  it  is  assumed  that  all 


20  Panela  at  ISfi.-l&Oft. 

Fig.  16 


the  dead  load  is  applied  at  the  joints  of  the  loaded  chord,  find:  {a)  the 
maximum  and  minimum  stresses  in  the  members  ab,  Bby  Gd,  and  dC 
due  to  combined  dead  and  live  load;  {b)  the  maximum  and  minimum 
stresses  in  the  members  be,  //£>,  c D,  and  cd  due  to  combined  dead 
and  live  load. 


Ans. 


Member 

OIK  f-Sh .    1 

Maximum 

Minimi  M 

\ab 

-    73.4(X) 

-  22.800 

^^'^    Gb 

-    97  .(XK) 

-  27.700 

+    21.800 

+    6.800 

bC 

+    73.  (KK* 

+  \Ty,m\ 

he 

-  I71.30(t 

-  w.\.m\ 

+  1!»5,S(K) 

+  (M).S(H) 

+    32.;-!iK) 

-  J4..'k:1I 

Uc' 

-  203.iKX) 

-  6:i.:H00 
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THE  DOtrBLE-INTKRJ^ECTION  WARKKN  THU86 
26.  Dt'Si'rlptlon, — Fig*  17  (a)  shows  another  type  of 
Warren  truss  with  subdivided  panels,  which  was  extensively 
used  in  the  past  and  is  used  to  some  extent  at  the  prese^it 
time.  The  simple  Warren  truss  is  shown  in  fuH  lines»  the 
panels  being  subdivided  by  the  addition  of  the  web  members 
shown  in  dotted  lines  parallel  to  the  full-line  members  and 


I 


r^      r"      r"      r'      §''" 

•<  5  -q  •*  *3  5 

m 

i\     /\     /\      /\     /'\     /! 

e  o  ^  o  <a        IS 

'i  ^  •!  "O  "0 

PlO.  17 

half  way  between  them.  The  two  sets  of  web  members  are 
called  the  two  systems  of  web.  Such  a  truss  is  called  a  double 
system*  onlouhlr'  Iuters*.H«tl(ni,  Wui*i*eii  trujas,  and  some- 
times simply  a  double  Warren  triis**.  The  joints  of  one 
system  are  in  each  case  vertically  opposite  the  joints  of  the 
other.  As  the  end  diagonals  of  the  doited  system  slope 
upwards,  it  is  necessary  to  provide  a  vertical  member,  called 
the  vertlt^al  end  post,  and  produce  the  top  chord  at  each  end. 


32 


STRESSES  IN  BRIDGE  TRUSSES 


§68 


27.  Methods  of  CaLcnlatiou. — If  the  truss  shown  In  ^ 
Fig.  17  {a)  is  considered  cut  by  a  plane  that  intersects  two 
chord  members,  that  plane  will  cut  also  two  web  members, 
and  there  will  be  four  unknown  stresses.  As  there  are  only 
three  equations  of  equilibrium,  they  are  not  sufficient  for  the 
determination  of  the  four  unknown  stresses  unJess  some 
assumption  is  made  regarding  the  distribution  of  stress 
among  the  several  members  cut  by  the  plane.  It  is  cus- 
tomary to  assume  that  the  two  systems  of  web  members  act 
independently!  or,  in  other  words,  that  they  are  the  web 
members  of  two  independent  trusses  lying  in  the  same  plane, 
the  top  and  bottom  chords  being  common  to  both  trusses. 
The  stresses  in  the  web  members  of  each  system  may  be 
found  from  the  loads  that  come  on  the  system;  and  the 
chord  stresses  may  be  found  by  properly  combining  the  U 
chord  stresses  of  the  two  systems*  This  will  be  made  ™ 
clearer  by  studying  Figs,  17  {d)  and  (c).  The  system  shown 
as  a  truss  in  Fig,  17  id)  is  assumed  to  support  the  loads  fl 
at  c^e,f\^,B,D,FtD\  and  i?^  The  web  stresses  due  to™ 
these  loads  are  the  actual  web  stresses  in  the  corresponding 
members  of  the  truss  shown  in  Fig.  17  (a);  and  the  chord 
stresses  are  partial  or  component  chord  stresses.  The  sys- 
tem shown  as  a  truss  in  Fig.  17  {c)  is  assumed  to  support 
the  loads  at  b,dJ,d\b\AX.£:.E\C,  and  ^'.  The  web 
stresses  due  to  these  loads  are  the  actual  web  stresses;  the 
chord  stresses  are  component  chord  stresses.  The  actual 
chord  stresses  may  be  found  by  adding  the  stresses  found  io 
the  two  systems. 

The  double-intersection  Warren  truss  may  be  used  in  a 
deck  or  in  a  through  bridge.  The  stresses  are  calculated  in 
the  same  way  for  the  two  kinds.  As  the  analytic  method 
of  calculation  is  shorter  than  the  graphic,  the  latter  will 
not  be  considered.  The  method  of  calculation  can  best 
be  illustrated  by  an  example.  For  this  purpose,  the  dead- 
load  stresses  in  the  truss  shown  in  Fig,  17  ia)  will  be 
determined.  The  truss  has  ten  panels,  the  span  length  is 
150  feet,  and  the  height  20  feet.  The  dead  load  will  be  taken 
as  1,000  pounds  per  linear  foot  of  bridge,  one*third  of  which 
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I 

I 


I 


is  supposed    to  be    applied   at   the   unJoaded  chord.      The 
method  of  joints  is  best  adapted  to  this  case. 

28.  Panel  Ijoads  and  Heaetlous. — The  truss  may  be 
divided  into  the  two  systems  shown  in  Fig.  17  (A)  and  (c). 
For  convenience  of  reference,  the  system  shown  in  full  lines 
in  Fig.  17  {b)  may  be  called  the  primary  system,  and  that 
shown  in  dotted  lines  in  FJg,  17  (f),  the  secondary  sysiem. 
The  dead  panel  load  is  equal  to 

of  which  2,500  is  supported  at  each  of  the  top  joints,  and 
5,000  at  each  of   the  bottom  joints.     The  primary  system 
supports  four  loads  of  5,000  and  five  loads  of  2,500  pounds. 
Therefore,  the  reaction  for  the  primary  system  is 
4X6.000+5X2,500  ^  ^^..^^  ^^^^^^ 

The  secondary  system  supports  five  loads  of  5,000  and 
four  loads  of  2,500  pounds^  Therefore,  the  reaction  for  the 
secondary  system  is 

5X5.000  +  4X2.500  ^  ^7,500  pounds 

In  addition  to  this,  there  is  a  half-panel  load  of  1,250  pounds 
at  each  of  the  end  joints  of  the  top  chord.  Then,  the  total 
reaction  for  the  secondary  system  is  equal  to  18^750  pounds. 
The  loads  and  reactions  for  the  primary  systems  are  shown 
in  Fig.  17  {b)\  those  for  the  secondary  system,  in  Fig.  17  (r). 
As  in  previous  cases, 

15 

20  "  20 

29*  Web  Sti'esses. — The  stress  in  the  vertical  end  post 
is  equal  to  the  reaction  of  the  secondary  system.  The  ver- 
tical components  of  the  web  stresses  in  each  system  may  be 
written  directly  by  finding  the  shears,  and  the  stresses  found 
irora  them  by  multiplying  by  esc  H,  It  should  be  borne  in 
mind  that  each  system  is  treated  as  an  independent  truss 
loaded  as  shown  in  Figs.  17  {b)  and  (r);  also,  that,  in  deter- 
mining the  shear  on  any  section,  both  the  lower*  and  the  upper- 
chord  loads  should  be  taken  into  account.     ThuSj  the  shear 


cot  H  ^  cot  Bab  =:^ 


.75:  CSC  H 


V20"  +  15' 


1.25 
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on  a  plane  cutting  DF.De,  and  ce.  Fig.  17  (d),  is  16,250 
-  (2,500  +  5,000  4-  2,500),  or  the  algebraic  sum  of  the 
external  forces  acting  at  a,  B,  c,  and  D. 

The  web  stresses,  whose  values  should  be  verified  by  the 
student,  are: 

Member  Stress,  in  Pounds 

a  A  +  18,750 

aB  16,250  X  1.25  =  +  20,300 

A  b  17,500  X  1.25  =  -  21,900 

bC  12,500  X  1.25  =  +15,600 

Be  13,750  X  1.25  =  -  17,200 

cD  8,750  X  1.25  =  +10,900 

Cd  10,000  X  1.25  =  -  12,500 

dE  5,000  X  1.25  =  +   6,250 

De  6.250  X  1.25  =  -    7.800 

eF  1,250  X  1.25  =  +    1,600 

Ei  2,500  X  1.25  =  -    3,100 

30.  Chord  Stresses. — As  explained  in  Art.  17,  the 
stress  in  any  chord  member  of  a  single-system  Warren  truss 
is  equal  to  the  algebraic  sum  of  the  horizontal  components  of 
the  stresses  in  all  the  web  members  that  connect  with  the 
chord  on  the  left  (or  right)  of  the  member  in  question. 
For  example,  the  stress  in  D F^  Fig,  17  (^).  is  equal  to  the 
sum  of  the  horizontal  components  in  aB^  Be,  e  Dy  and  De\ 
the  stress  in  EE',  Fig.  17  (c),  is  equal  to  the  sum  of  the 
horizontal  components  in  A  b,  bC,  Cd^  d E,  and  Ef,  The 
stress  in  EF^  Fig.  17  (a),  equals  the  sum  of  the  stresses  in 
DF,  Fig.  17  ((^),and  E E\  Fig.  17  (e).  Therefore,  the  stress 
in  EF  equals  the  sum  of  the  horizontal  components 
in  Ab,  aB,  Bc^  bC,  Cd,  e D,  De,  d E,  and  Ef.     In  general, 

The  stress  in  any  ehord  member  of  a  double  Warren  truss  is 
equal  to  the  algebraic  sum  of  the  horizontal  components  of  the 
stresses  in  all  the  iveb  members  that  connect  with  the  chord  on  the 
left  (or  right)  of  the  member  considered. 

Keeping  in  mind  that  the  horizontal  component  of  the  stress 
in  any  web  member  is  equal  to  the  vertical  component  multi- 
plied by  cot  //,  the  chord  stresses  may  be  written  as  follows: 
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Member  Strbsji,  in  FouNfts 

■  AH                        ..............      17^600  X -75  = +  13,100 
SC {17,500+  lfi,250  + LSJM^X  .75  = -fS-^.tMX) 

CD  .    -      {11 M^)  +  lH.2ol)  +  l:?.7.^1  +  12/tOO  +  10.000)  X  .75  ^  +  62..^X) 
DE  .   .  (17.5<X>  +  lti.:i>0  +  13,750  +  ll^500  +  10, 000  +  H,7S0 

1+  a;j.TO)  X  .75  =  +63.750 

£f.   .  (I7.50(J  +  1(;,250+  l3.7rMl+  12.r=K)0  +  10.000 +  8.750 
+  6,l'5(>  +  o.OOO  +  2,r,U0)  X  J.^  =  +  Gfl,400 

FE*     .  (17..TO0  +  lt}.2.">0  +  13 J50  +  12,5(H)  +  10.000  +  8,750 
+  IJ.LTjO  +  bXiOO  +  2,500  +  l,tJ.=H>  ^  1,2.S0)  X  ^75       =  +  69,400 

0* le.a'iOx  ,75  =  "  12.200 

ftr  (16,250+ 17*.5O0+ ]:;,&00)X  .75  -^  -  ::{4. 700 

I  of  ....  (46,250  +  laj.W  +  ajhO)  X  -7ri  =  -  .=ilX"O0 
rftf.  , (68.750+ 10.000 +  .%000)  X  ,75  ^  -  <i2.H(K} 
ff.  .  -  (83,760  +  li.250  +  l.e.50)  X  .75  ^  -  ti8. 400 
/^ (91  .It^  +  :-\500  -  2,500JX  .75  ^  "  08,400 
31*  Jjlve-LiOail  Stresses. — The  live-load  stresses  may 
be  foujid  in  precisely  the  same  way  as  the  dead-load  stresses, 
by  separating  the  truss  into  two  systems.  For  the  maximum 
chord  stresses,  each  system  should  be  fully  loaded,  and  the 
stresses  in  the  members  added  together  to  get  the  combined 
or  actual  stresses.  For  the  maximum  web  stresses,  the  por- 
tion of  each  system  that  will  give  the  maxinnim  shear  {posi- 
tive or  negative)  in  the  various  panels  must  be  loaded;  the 
'Alresses  found  from  the  shears  will  be  the  actual  maximum 
id  minimum  live-load  stresses  in  the  web  members. 


EXAMPLE     FOR    PHACTiCK 

If  Ihe  live  load  on  the  bridge  described  in  Art,  26  and  illustrated  in 

ig,  17  is  2,L\lO  pounds  pet  linear  fuot,  determine-,   [a)  the  roaxuiium 

ind  miciiuum  cotnbiniid  stresses  in  the  ratmhers  E  F,  E  f,  ^  F,  &a6  ^  f. 

ising^  the  dead-load   stresses   found   in   the  precedinR'  paf^es;    (d)   Ihe 

flttjiximurti  and  mitiiroura  corDbfned  stresses  in  the  members  S  C,  i*  c, 

C  and  be. 

Stress,  IN  PorNDS 


Ans. 


MEMBER 

MAXIMT7M 

MiMMlM 

lEF 

+  224,100 

+  fi<(.4(MI 

'"^    eF 

"    2l.7(X> 

+  .i.imj 

+    13.  WOO 

-  ]0,K(K) 

rf 

-  'ilH.900 

^  (>S,41K) 

BC 

-h  lIH.tHJO 

+  :i5,fiO() 

W 

Be 

-    riH.400 

-^  J7.20lf 

bC 

+    4H,tt00 

+  la.iMw 

tc 

-109,000 

-34,700 

se 
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THE  DOUBLE  WARREN  TRUSS  WITH 
STJBVEKTICAI^S 

32*  Descriptlun. — Fig,  18  (a)  shows  the  double  Warren 
truss  with  subverticals  that  subdivide  each  panel  of  the 
loaded  chord  into  two  equal  panels.  In  this  truss,  the  loads 
at  the  intermediate  joints  d,  d,  f,  etc.  act  on  both  systems  at 
the  mterseclions  B,  /?,  F,  etc.  of  the  web  members,  and  on 
this  account  it  is  impossible  to  separate  the  truss  into  two 


isjf  ¥..-f  ¥-..-f  %./f 


Fjo.  W 


^3 


independent  systems.  However,  an  assumption  is  usually 
made  that  is  probably  very  close  to  the  actual  distribution  of 
stresses.  As  in  ihe  case  of  the  truss  described  in  the  pre- 
ceding articJes,  one  of  the  two  systems  formed  by  the  inclined 
members  is  called  the  primary;  the  other,  the  secondary. 

33.     Method  or  calculation. — The  stress  in  each  sub* 
vertical  is  evidently  tension,  and  equal  to  the  panel  load  at 
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ts  lower  joint-  In  finding  the  stresses  in  the  other  members, 
it  is  customary  to  assume  that  each  system  carries  one-half 
of  the  load  transmitted  by  the  subverticals  to  the  joints 
B,  D,  /%  etc.  Thus,  in  Figs.  18  (b)  and  (r),  which  shows  the 
primary  and  secondary  systems,  together  with  the  sub- 
verticals  ^  each  of  the  joints  h,  d,  f^  etc.  is  supposed  to  carry 
one-half  of  a  panel  load  to  each  system.  The  stresses  are 
found  in  almost  the  same  manner  as  in  the  double  Warren 
truss  without  subverticals,  except  that,  in  treating  each  sys- 
tem as  an  independent  truss,  external  forces,  representing 
the  action  of  the  other  system  on  the  system  under  con- 
sideration, must  be  introduced  at  the  joints  Dy  F^  etc.,  as 
will  be  explained  presently. 

34,  Web  Stresses- — If  the  general  equation  of  equi- 
librium 2'  K  =  1 S  sin  H  —  0  is  applied  to  all  the  external 
forces  acting  on  one  side  of  a  plane  of  section  that  cuts  a 
web  member  and  two  chord  members  of  either  system,  such 
as  section  g.  Fig.  18  [b),  it  will  be  seen  that  the  vertical 
component  of  the  stress  in  the  web  member  is  equal  to  the 
shear  on  the  section,  and  the  stress  is  equal  to  the  shear 
multiplied  by  esc  H.  For  the  maximum  or  minimum  stress 
in  any  member,  the  system  in  which  the  member  occurs 
should  be  loaded  on  the  right  or  left  of  the  membetj  in  the 
same  way  as  in  a  single-system  Warren  truss. 

Consider  the  sections  g  and  j*,  Fig.  18  (6).  Denoting  the 
load  at  each  lower-chord  joint  by  TK,  the  vertical  component  of 

W 


the  stress  in  CD  is  /?/  — — ,  and  that  in  De  is  /?.' 


2        2' 
then,  the  horizontal  component  of  the  stress  in  CD  is  equal 

iv  _  IV' 

2         2 


icot  B, 


to/^/ ^  ^\cot  j¥,  and  in  De.  to  (/?,'- ^  -  ^^j 

^kriting  the  expression  for  the  sum  of  the  horizontal  forces 
at  joint  D  of  the  primary  system,  shown  in  Fig.  18  (t/)^  we 


ive 


^X  =  St  cos  //  —  Si  cos  // 

- ('■•-D- "-(-■■-! -f) . 

from  which  it  will  be  seen  that  there  is  an  unbalanced  force, 


cot  H  =  ^  cot  H, 
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equal  to        cot  Hy  acting  horizontally  to  the  left,  which  must 

be  held  in  equilibrium  by  the  force  S„  equal  to    —  cot  //, 

acting  horizontally  to  the  right.     It  may  be  shown  that  at 

the  joint  D  of  the  secondary  system  there  is  also  an  unbal- 

W 
anced  force  equal  to  -—  cot  //",  actmg  horizontally  to  the  lelt, 

which  holds  in  equilibrium  the  unbalanced  force  at  joint  D  of 
the  primary  system.  This  force,  which  may  be  called  6*,,  is 
exerted  at  each  joint  (B^DyF,  etc.)  of  each  system  by  the 
other  system,  and  may  be  considered  as  an  external  force  in 
writing  equations. 

35.  Chord  Stresses. — The  maximum  chord  stresses 
obtain  when  there  is  a  full  live  load;  the  minimum,  when 
there  is  no  live  load  on  the  truss.  The  stress  in  any  member 
may  be  found  by  properly  combining  the  partial  stresses  in 
the  two  systems.  When  all  the  stresses  are  desired,  the 
method  of  joints  is  the  shorter;  when  only  one  or  two 
stresses  are  desired,  the  method  of  moments  is  shorter. 

For  example,  the  stress  in  KGy  Fig.  18  (a),  is  equal  to 
the  stress  in  CG,  Fig.  18  (b),  plus  the  stress  in  HI,  Fig.  18  (r). 
By  the  method  of  joints,  the  stress  in  CG,  Fig.  18  (b)y  is 
equal  to  the  sum  of  the  horizontal  components  of  the 
stresses  in  BC  and  CD;  the  stress  in  EI  is  equal  to  the 
sum  of  the  horizontal  components  of  the  stresses  in  A  D,DE, 
and  EF. 

If  it  is  desired  to  calculate  the  stress  in  any  chord  member 
by  the  method  of  moments,  it  is  necessary  to  take  into 
account  the  moments  of  the  horizontal  forces  5,.  As  these 
forces  are  alternately  opposite  in  direction,  it  is  convenient 
to  pass  the  planes  of  section  through  the  truss  in  such  a  way 
that  there  will  be  an  even  number  of  intermediate  joints  on 
the  portion  of  the  truss  considered.  Then,  the  moment  of 
the  forces  S,  on  one  side  of  the  section  about  the  center  of 
moments  will  be  zero  (since  there  will  be  an  even  number 
whose  resultant  is  zero),  and  they  need  not  be  considered  in 
the  equation  of  moments.     In  the  present  case,  the  planes 
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may  be  passed  between  a  and  d,  d  and  /,  //  and  //',  etc.  Thus, 
for  the  stress  in  ab^  the  truss  may  be  cut  by  a  vertical  plane 
in  panel  at,  or  in  panel  de,  and  the  center  of  moments  taken 
at  B  or  C.     With  the  center  of  moments  at  By  the  stress  in  ab\?i 

h  h 

2 

and,  with  the  center  of  moments  at  C  and  section  p^  the 
stress  \xi  ah  is,  as  before, 

,,.X2/-fx;>4-f  X;>  ^  ^_  ^  2/. 

h  h 

In  this  case,  the  load  at  Z>,  being  on  the  right  of  the 
center  of  moments,  has  a  positive,  or  right-handed,  moment, 
and  similar  cases  must  be  carefully  treated  in  order  to  get 
the  signs  correct.  The  stress  in  any  chord  member  may  be 
found  in  a  manner  similar  to  that  just  given. 


EXAMPLE    FOR    PRACTICE 

If  the  sixteen-panel  through  double  Warren  truss  shown  in 
Fig.  18  (a)  has  a  span  length  of  19*J  feet  and  a  height  of  30  feet, 
and  the  dead  load  is  1,200  pounds  per  linear  foot  of  bridge,  all  applied 
at  the  joints  of  the  loaded  chord,  what  are  the  dead-load  stresses  in 
the  members  CE.ef,  G  /,  Ff,  C  D,  e  F,  and  //  /> 


Ans 


EMBER 

Stress, 
IN  Pounds 

CE 

+  57,<iO(> 

ef 

-  77.S(K) 

GI 

+  92.200 

Ff 

-    7,200 

CD 

-  27.6(K) 

cF 

+  l;i.800 

HI 

0 

THE  MUIjTIPLK-SYSTKM  AVAHHKN  OK  T.ATTICK 

TKTSS 

36.  Description. — When  it  is  desirable  to  build  a  very 
deep  truss  of  the  Warren  type,  an  economical  inclination  of 
diagonal  and  panel  k*n^tli  may  bo  used  by  adding  two  or 
three  additional  systems  of  wrb  iiunilnMx  to  the  simple  type 
(.f  truss,  and  subdividing  the  main  panels  into  three  or  four 
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equal  panels.  When  there  are  four  systems,  as  shown  in 
Fig.  Id  (a)>  the  truss  is  called  a  quiulruiile-f^ysteniH,  or 
qimtlniple-lnterscctiou,  Warren  tru$s.  AH  trusses  of 
this  type  are  included  under  the  general  heading  of  **mul- 
tiple-system"  or  '^lattice  trusses,"  and  are  usually  bnilt  as 
riveted  trusses.  The  web  members  of  the  different  systems 
are  riveted  together  at  their  intersections.  Fig.  19  {a)  rep- 
resents a  quadruple-intersection  Warren  truss  with  the  four 
systems  shown  in  single  and  double  full  and  dotted  lines. 
For  convenience  of  reference,  the  system  shown  in  single 
full  lines  in  Fig.  19  (d)  will  be  called  the  primary  sysiem:  that 
shown  in  double  full  lines,  Fig,  19  (c),  the  seeoruiary  system; 
that  shown  in  single  dotted  llnes^  Fig.  19  (^),  the  tertiary 
item:  and  that  shown  in  double  doited  lineSt  Fig.  19  (^), 
he  quaitrnary  system. 


37.  Analysis  of  etressee.— It  is  customary  to  assume 
that  the  only  stresses  in  each  system  are  those  caused  by 
the  loads  directly  applied  to  it.  Although  this  assumption 
s  not  strictly  correct,  it  is  probably  as  close  as  any  assump- 
ion  that  can  be  made  concerning  the  distribution  of  the 
stresses.  The  effect  of  connecting  the  web  members  to 
each  other  at  every  intersection  is  ignored  in  the  calculation 
of  stresses. 

The  stresses  may  be  found  in  the  same  general  way  as 
the  stresses  in  the  double  Warren  truss,  by  dividing  the 
truss  into  separate  systems  aod  calculating  the  stresses  in 
the  members  of  each  system  due  to  the  loads  that  come  on 
it.  The  stresses  in  those  members  (such  as  web  members) 
that  occur  in  only  one  system  are  the  actual  stresses;  in 
those  that  occur  in  more  than  one  system,  they  are  com- 
ponent stresses,  and  the  actual  stresses  are  found  by  properly 
combining  the  component  stresses  in  the  different  systems 
in  which  the  members  occur.  The  analytic  method  is  best 
adapted  to  the  determination  of  the  stresses. 

38t  Stre««es  In  Primary  System.— Fig.  19  (^)  shows 
the  primary  sysiem,  which  is  a  single-intersection  four-panel 
symmetrical  Warren  truss  supported  at  the  points  a  and  a.\ 
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The  niaxirr  iim  and  minimum  stresses  are  found  in  the  ordi 
nary  way;  the  stresses  in  the  vveb  members  are  the  actual 
stresses  in  these  members.  The  stresses  in  the  chord  mem- 
bers are  component  stresses,  ^m 

39,  8tt*est$e&  In  8ec*omlai*y  System. — Fig.  19  (f|^ 
shows  the  secondary  system,  which  i:^  a  single-system  sym* 
metrical  Warren  truss  supported  at  the  points  A  and  //'  by 
the  verticals  a  .^  and  a' A'.  The  maxinuim  and  minimum 
stresses  are  found  in  the  ordinary  way;  the  stresses  in  the 
members  aW  and  a'  A',  and  the  stresses  in  the  chord  mem- 
bers are  component  stresses,  as  these  members  occur  in 
more  than  one  system;  the  stresses  in  the  inclined  web  mem- 
bers are  the  actual  stresses.  ^H 

40.  StrcBScft*  In  Tertiary  System, —Fig.  19  (a^)  shows 
the  tertiary  system,  which  ts  an  unsymmetrical  single-sys- 
tem Warren  truss  in  which  the  end  diagonals  slope  differ- 
ently from  the  others.  The  truss  is  supported  at  the  point  A^i 
by  the  vertical  a  A,  and  at  the  point  a'  by  the  abutment," 
The  maximum  and  minimum  stresses  are  found  in  the  same 
way   as    for    the    single-system    Warren    truss.     The    stress 

in  a  A  is  equal  to  the  left  reaction.     The  stress  in  any  chor 
rae:nber  is  equal  to  the  bending  moment  due  to  the  loads  o 
the  system,  at  the  joint  opposite  the  member,  divided  by  the 
height  of  the  truss.     The  stresis  in  any  web  member  is  equal 
to  the  shear  in  the  panel  iti  which  the  member  is  located, 
multiplied   by  the  cosecant  of   the  angle   that   the  member 
makes  with  the  horizontal.     As  this  system  is  unsymmetrical, 
it  is  necessary  to  find  the  dead-load  stress  and  the  maximum 
and  mininnim  liveload  stresses  in  every  member,  instead 
finding  them   for  only  iliose  members  that  are  situated 
one  side  of  the  center,  as  heretofore. 

The  maximum   live-load   chord   stresses  will   occur  when 
the  truss   is  fully  loaded;  the   maximum  live-load   stress  i 
any  web  member  due  to  positive  shear,  when  all  joints 
the  right  of  the  member  aie  loaded;  the  maximum  live*loa 
w*eb  stresses  due  to  negative   shear,  when  all  joints  to  th 
left  of  the  member  are  loaded. 
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41,     Stresftes   in    Quntvrnary    SystoTn. — Fig,    19    (^) 

shows  the  quaternary  system*  which  is  Ihe  same  as  the 
tertiary  system  turned  end  for  end.  The  remarks  made  in 
connection  with  the  tertiary  system  apply  here.  The  maxi- 
mum and  minimum  stresses  in  any  member  a£  the  quater- 
nary system  are  equal  to  the  stresses  in  the  corresponding: 
member  at  the  other  end  of  the  tertiary  system.  Thus,  the 
stress  in  ly  b*  is  equal  to  the  stress  in  Db. 

^B  42*  stresses  in  End  Members, — In  calculating  the 
^^kacSUal  stress  in  the  end  diajionals,  such  as  */ /?,  Ah,  etc,  it 
^^Ktbuld  be  remembered  that  the  angle//,,  Fig.  13  (d)  and  (f), 
^H  for  these  members  is  different  from  the  angle  H  for  the 
^^  remaining  diagonals,  and  that,  therefore,  the  cosecant  and 
cotangent  will  have  different  values  for  the  two  angles.  If 
the  stresses  are  found  by  the  method  of  joints,  it  should  be 

noted  that  cot  Hi  =  -— — ^  and  that,  then, 

hor.  comp,  m  a  B  =  vert.  comp.  in  a  ^  X  '^"— 

vert.  comp.  in  a  5  „      ^  „ 
^ X  cot  H 

This  giv^es  the  value  of  the  horizontal  component  in  the 
end  diagonal  to  be  used  in  finding:  chord  stresses  by  the 
method  of  joints,  as  exp3ained  in  Art.  18* 

43,  ActuRl  Stres?9es,^ — The  stresses  found  for  the 
diagonals  in  the  different  systems  are  (he  actual  stresses  in 
the  diagonals.  The  member  a  A  occurs  in  two  systems, 
and  the  actual  stress  in  it  is  equal  to  the  sum  of  the  stresses 
in  a  A,  as  found  in  the  two  systems.  The  chord  member 
W  5  occurs  in  two  systems;  BC,  in  threes  C D^  in  four;  etc. 

44.  Determination  of  Stresses  by  Method  of  Sec- 
lions,— To  illustrate  the  calculation  of  the  fJtresses  by  the 
method  of  sections,  let  Fig*  19  [a)  he  a  sixteeu-panel  through 
bridge  having  a  span  leng;th  of  20^)  feet  and  a  height  of 
30  ftet:  let  the  dead  load  be  1*200  pounds  per  linear  foot, 
one-lbird  of  which  is  assumed  to  be  applied  at  the  joints  of 
the  unloaded  chord.      i«et  it  be  required   to  calculate   the 


I 
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dead-load  stresses  in  all  the  members  cut  by  a  plane  at  the 
section  pp.  This  plane  is  extended  so  that  it  will  cut  all 
the  separate  systems  represented  in  Fig.  19  (^),  (r),  ((/), 
and  {e)y  and  to  each  system  the  general  method  of  sections 
is  applied  independently.  When  there  is  a  large  number 
of  joints,  as  in  this  case,  it  is  convenient  to  number  them 
from  each  end  of  the  truss,  as  shown  in  the  lower  part  of 
Fig.  19  {a). 
The  dead  panel  load  is  equal  to 

of  which  there  is  5,000  at  each  of  the  joints  b,c,d^  etc.,  and 
2,500  at  each  of  the  joints  B^  C,  D,  etc.  The  half  top-panel 
loads  at  A  and  A^  will  only  affect  the  stresses  in  aA^  and 
a!  A'\  they  need  not  be  considered  in  this  example.      The 

figure  gives  

esc^^^30-  +  25-^3|05^,3,^ 
30  30 

In  the  primary  system,  Fig.  19  (^),  the  left  reaction  is 
5.000(4  +  8+12)  +  2.500(2  +  6+10  +  14)^  12,500  pounds, 

16 
and  the  stresses  in  the  various  members  are  as  follows: 
Member  Stress,  in  Pounds 

Ce         (12,500  -  2,500)  X  1.30  =  -  13,000 
CG      12,500  ><,50^-2,500x  25  ^  ^  ^g  g^^ 

12^00^X25  ^  _  jO,400 

In  the  secondary  system,  Fig.  19(f),  the  left  reaction  is 
5.00012 +J_+ 10+ 14)  +  2,500(4_+8+  ^l^^^^y^^^^^^,^ 

16 
and  the  stresses  in  the  various  members  are  as  follows: 
Member  Stress,  in  Pounds 

cE         (13,750  -  5,000)  X  1.30  =  -f  11,400 

AE  l^-^^^^-X  2'^  =+ 11,500 

13,750  X  50  -  5.000  x  25  ^   _    ^  ^^ 
'^  30 
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In  the  tertiary  system,  Figf.  19  (d)\  the  left  reaction  is 
5,000  (3  +  7  +  11  +  15)  +  2.500  (1  +  5  +  9  +  13) 
16 
=  15,625  pounds, 
and  the  stresses  in  the  various  members  are: 
Mbmbbr  Stress,  in  Pounds 

bD        (15.625  -  5.000)  x  1.30  =  +  13,800 
AD  ,1^625  X  12.5  ^  _^    g^^^ 

.  ^     15,625  X  37.5  -  5,000  X  25  ^  _  15  400 
'30 
In  the  quaternary  system.  Fig.  19  (e),  the  left  reaction  is 
5,000  (1  +  5  +  9  +  13)  +  2.500  (3  +  7  +  11  +  15) 
16 
=  14,375  pounds, 
and  the  stresses  are: 

Mbmber  Stress,  in  Pounds 

Bd         (14.375  -  2,500)  X  1.30  =  -  15.400 
^^  14.375  X  37.5  -  2.500  X  25  =  +  15  900 

ad  14.375  X_L2,5  ^  ^ 

30 
The  actual  stresses  in  the  various  members  are  as  follows: 
Member  Stress,  in  Pounds 

dD  +13.800 

cE  +11,400 

Ce  -  13,000 

Bd  -15.400 

CD    sum  of  stresses  in  AD,  A E,  BE,  CG, 

=  6,500  +  11,500  +  15,900  +  18.800  =  +  52.700 
cd      sum   of   stresses   in   ad,  ae,  bf,  eg, 

=:  -  6,000  -  10,400  -  15.400  -  18,800  =   -  50,600 
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EXAMPLES    FOR    PRACTICE 

1.     Using  the  same  dead  loads  and  dimensions  as  in  Fig.  19,  and  a 

live  load  of  2,0(X)  pounds  per  linear  foot,  determine  the  maximum  and 

minimum   stresses   due    to   combined  live  and  dead  load  in  all  the 

members  cut  by  a  plane  at  the  section  q, 

,,  Stress,  in  Pounds 

Member     ., 

Maximum    Minimum 

ffl 

Ans. 


HI 

+  208,800 

+  99,500 

Hh' 

-    11.000 

+    5.300 

gl 

+      9,750 

-    6.500 

Gi 

-    15.400 

+       800 

H'h 

-     11,000 

+    5,300 

hi 

-  256,300 

-  97,400 

2.  With  the  same  data  as  in  example  1,  find  the  maximum  stress 
in  a  A  due  to  combined  live  and  dead  load.  Assume  that  the  half-dead 
panel  load  at  A  is  included  in  the  secondary  system. 

Ans.  +85.000  lb. 

3.  With  the  same  data  as  in  example  1,  find,  by  the  method  of  joints, 
the  dead-load  stress  in  the  member  FG.  Ans.  +  90,100  lb. 


THE   PRATT  TRUSS 

45.  Description. — The  Pratt  truss.  Fig.  20  (a)^  is  a 
simple  type  of  truss  in  which  the  web  members  are  alter- 
nately vertical  and  inclined;  there  is  a  vertical  web  member 
at  each  panel  point  and  an  inclined  member  in  each  panel, 
connecting  the  top  of  one  vertical  with  the  bottom  of  the 
next.  The  Pratt  truss  is  used  in  deck,  through,  and  half- 
through  bridges;  is  built  pin-connected  more  frequently  than 
riveted;  and  is  especially  adapted  to  span  lengths  of  100  to 
250  feet.  For  the  longer  spans,  multiple  systems  of  web 
or  subdivided  panels  are  sometimes  built,  although  such 
forms  are  going  out  of  use. 

46.  Diagonals.  —  In  all  except  the  end  panels,  the 
diagonals  arc  designed  io  resist  tension  only.  It  was  shown  in 
the  analysis  of  the  Warren  truss  that  positive  shear  causes 
tension  in  diagonals  that  slope  upwards  to  the  left,  and 
negative  shear  tension  in  diagonals  that  slope  upwards  to  the 
right.  Therefore,  in  order  to  have  the  diagonals  in  tension, 
they  must  slope  upwards  to  the  left  in  the  panels  where  the 
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sht-ar  ifi  positive,  and  upwards  to  the  right  in  the  panels 
where  the  shear  is  negriUve*  In  i!ie  panels  ne;tr  the  center, 
Bran  which  the  maximum  corybined  sihear  is  opposite  to  the 
^^minitnum  shear,  two  diagonals  will  be  required,  one  slciping 
m  each  direction.  In  a  panel  where  tliere  are  two  diiigonaJs, 
one  of  them,  ihe  main  diagonal,  will  be  in  tension  when  the 
combined  shear  is  a  maximum;  the  other,  called  a  counti*r, 
will  l>e  in  tension  when  the  combined  shear  is  a  minimum* 
When  any  loading:  causes  tension  in  one  of  these  diagonals. 


lUI 


t  diagonal  is  said  to  be  in  action  f  and  the  stress  in  the 

btbcr  is  assumed  to  be  7.ero;  the  latter  diagonal  is  said  to  be 

out  of  action  and  need  not  be  considered  as  part  of  the  truss 

for  that  loading.     For  example*  when  there  is  a  full  load  on 

e  truss    shown  in    Fig.  20  (a),   the   shear   in   panel  t/t  is 

sitive;  there  is  tension  in  Ihe  main  diag^onal  Dr,  and  the 

umer  d£is  out  of  action;  the  shear  in  panel  ti/*  is  negra- 

iive»   there   is   tension   in   the  main   diagonal  e/y,   and   the 

ounter  l^t/'  is  out   of  action.     The   members  of  the   truss 

at  are  in  action  for  full  load  are  shown  in  Fig.  20  (^);  as 


48 


STRESSJ*:S   1\   HR[Dt;E  TRUSSES 


§68 


the  counters  are  out  of   action^  ihey  are  omitted  from   th 
diagraen. 

47-  Method  of  Calculation,— The  stresses  in  the  mem- 
bers of  the  simple  Pratt  iriis!s  can  be  found  analytically  or 
g^raphically.  The  work  of  calculation  by  either  of  the  analytic 
methods  is  so  simple  that  the  graphic  method  will  not  be 
employed.  The  work  of  calculation  can  be  best  illustrated 
by  the  consideration  of  special  cases. 


THE  THHOUGH  PRATT  TRUSS  WITH 

OF    PAN£LS 


AN     EVEN     NUMBER 


I 


48.  Description. — Fig;.  20  {&)  represents  an  eight 
panel  through  Pratt  truss  with  an  even  nim^her  of  panels, 
the  vertical  member  TT*?  being  the  center  vertical.  The  span 
is  128  feet,  and  the  height  20  feet.  The  end  posts  aff 
and  a'  B*  are  compression  members;  the  verticals  Bb  and  B'b^^k 
are  tension  members,  and  are  called  the  hip  verticals  or 
eiHl  sii$i>enUei-jjii;  all  other  verticals  are  compression  mem- 
bers*    The  members  d E  and  Ed'  are  the  comiters.  ^| 

It  will  be  assumed  that  the  dead  load  is  800  pounds,  all  of 
which  is  applied  at  the  joints  of  the  loaded  chord*  and  that 
the  live  load  is  2,000  pounds  per  linear  foot  of  bridge,  h 

49,  Panel    J^oads   and  Reactions. — The  dead  panel 

load  is 

800 
2 
and  each  dead^oad  reaction  is 

^*^^^  =  22,400  pounds 
2 

The  live  panel  load  is 


X  16  =  6,400  pounds, 


2.000 


X  16  ==  16,000  pounds, 


and  each  live-load  reaction  for  full  load  is 

16.0(K)X7  ^  ^g  p^  pounds 

50,     Chord    Str*?sBos. — To   calculate  the   stress  in   any 

chord  member,  the  truss  may  be  considered  cut  by  a  surface 


S5n.^ 
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hat  intersects  three  members,  one  of  whicl)  \i>  the  jnember 
'\A'hose  stress  is  desireJ.  The  stress  iti  the  member  is  then 
^qual  to  the  bendii^g^  motnenl  on  the  truss  at  the  intersection 
<jf  the  two  other  members,  divided  by  the  height  of  the  truss* 
Por  example,  for  the  member  /?  O  Fi^.  20  [a),  the  truss  may 
tte  cut  by  the  plane  p,  or  by  the  plane  />';  in  either  case,  the 
center  of  moments  is  al  <-,  and  the  streus  in  BC  is  egual  to 
the  bending  moment  at  r  divided  by  the  height, 

»For  the  members «'/,  the  truss  may  be  cut  by  either/^' or  ^; 
in  either  case,  the  center  of  momentii  is  at  C*     As  C  is  ver- 
tically over  r,  the  bending  moments  at  these  two  points  are 
the  same;  therefore,  the  stress  in  B  C\s  numerically  eqvial  to 
the  stress  in  ct/.     This  may  also  be  proved  by  applying  the 
equation  ^'-V  =  I'Scos/f  =  0  to  all  the  forces  to  the  left  of 
section  p':  as  the  only  horizontal  forces  are  the  stresses  \n  BC 
and  cd,  they  must  be  equal  and  opposite.     In  like  manner,  it 
may  be  shown  that  the  stress  in  CD  is  equal  to  the  stress  in  if^. 
^B     In  calculating  the  moments  at  the  various  points,  the  work 
^^may  be  simpHfied  by  taking  the  panel  length  as  the  unit  of 
^m  length*  that  is,  by  expressing  the  lever  arms  in  panel  lengths, 
^K  and  multiplying  the  result  by  the  panel  length  in  feet.     Thus» 
^»  the  moment  of  A\  about  d  may  be  written  ^,  X  3,  the  dis- 
tance from  the  line  of  action  of  A*,  to  it  being  3  panels. 
Likewise,  the  moments  of  the  loads  at  d  and  r,  with  respect 
to  (/,  are,  respectively,  Irx2  and   IV X^-     The   resultant 
moment,  referred  to  the  panel  length  as  the  unit  of  length,  is 

P^.  X3-Irx2^  IVX  1 
The  moment  (in  foot-pounds  or  foot*tons,  as  the  case  may 
be)   is   obtained   by  muliiplying   this   result  by  the   panel 
length,  16;  thus, 
^  moment  at  d  =  {/?,  X  S  -  IV X  2  -  IVx  1)  X  16 

^H     Tbe  dead-load  chord  stresses  are  as  follows: 
^^      Stress  in  a  b,  be  (center  of  moments  at  B)^ 

Stress  m  r  d  (center  of  moments  at  C), 
(22>4tX)  X  2  -  6,400  X  1)  X  16 
20 


-  30.700  pounds 
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Stress  in  de  (center  of  moments  at  Z?), 
[22,400  X3_- 6.400(2+1)]  X  16  ^  _^^^^    ^^^^^ 
20 
Stress  in  BC  (stress  in  r*/),  +  30,700  pounds. 
Stress  in  CD  (stress  in  de),  +  38,400  pounds. 
Stress  in  Z?^  (center  of  moments  at  ^), 
[22,400x4-6.400(3  +  2 +_ia^i6  ^       ^^j^      ^^^ 
20 
The  dead-load  chord  stresses  are  shown  in  Fig.  21. 


Pig.  21 

The  live-load  chord  stresses  may  be  found  as  above;  but, 
as  the  dead  load  is  all  applied  at  the  joints  of  the  loaded 
chord,  they  are  more  conveniently  determined  by  multiply- 
ing the  dead-load  stresses  by  the  ratio  of  live  to  dead  load, 


which 

.    2,000  _  6 

The  results  are  as  follows 

Member 

Stress,  in  Pounds 

abt  be 

17,900  X  ^  =  -    44,800 
2 

cd 

30,700  X  §  =  -    76,800 

de 

38,400  X  ^  =  -    96,000 

BC 

30,700  X  2  =  +    76,800 

CD 

38.400  X  -^  -  +    96.000 

DE 

41,000X2  =  +102.500 

The  live-load  chord  stresses   are  shown  in  Fig.  21,   and 
the  combined  chord  stresses  are  shown  in  Fig.  22.     The 
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maximum  stresses  are  obtained  by  adding  the  dead-  and  live- 
load  stresses;  the  minimum  stresses  are  the  dead-load  stresses. 


.  t      f/q^sqo      c      /  i3-*4oo       n     t  /-fssoo       b 


r 


t  -flOOO        y 


-17300  e        ~30?00  d 

Maxtmum  afu/  Mm/mum  Stresses 
Pio.  22 

51,  Dead-IiOa<l-8hear8. — As  the  chords  are  horizontal, 
the  vertical  component  of  the  stress  in  any  web  member  is 
equal  to  the  shear  on  the  plane  of  section  that  cuts  such  mem- 
ber and  two  chord  members.  Thus,  the  vertical  component 
in  Cdy  Fig.  20  (a)^  is  equal  to  the  shear  on  section  q.  Since 
in  this  case  there  is  no  load  atts  the  shear  on  ^  is  equal  to 
the  shear  on  q^  and  it  follows  that  the  stress  in  Cc  is  equal  to 
the  vertical  component  of  the  stress  in  Cd.  Likewise,  the 
stress  in  Dd  is  equal  to  the  vertical  component  in  De, 

The  dead-load  shears  are  as  follows: 


JlZfBL 

Shear,  in  Pounds 

ab 

-f  22.400 

be 

-1-16.000 

cd 

-1-    9.600 

de 

-h    3,200 

ed' 

-    3,200 

and  likewise  for  the  remaining  panels. 

f'f  62.  Ijlve-Iioad  Shears. — The  approximate  maximum 
positive  live-load  shear  in  any  panel  occurs  when  the  truss  is 
loaded  on  the  n'gki  of  the  panel  (see  Stresses  in  Bridge 
Trusses^  Part  1).  The  approximate  values  of  the  maximum 
positive  live-load  shears  are  as  follows: 
Panel  a  b  (loads  at  b,  r,  d^  e,  d\  c'y  and  b') , 
16,000  (lH-2H-3-|-4-t-o-|-6-h7)  _ 


8 


=^^  =  66.000  pounds 
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Panel  be  (loads  at  c,  dy  e,  ^,  c*,  and  b'), 
16,000  (1  + 2  H- 3  +  4  +  5  +  6) 


8 


=  42,000  pounds 


Panel  cd  (loads  at  d,  <?,  (/',  r',  and  b')^ 

16.000(1.+ 2 +  3^4  + 5)  ^  30,000  pounds  .. 

O  ** 

Panel  de  (loads  at  tf,  d',  d,  and  y), 
16,000(1  H-  2  +  3  +  4) 
8 


=  20,000  pounds 


Panel  ed'  (loads  at  <ff,d,  and  *'), 
16,000(1  +  2  +  3) 


8 


=  12.000  pounds 


Panel  df  d  (loads  at  d  and   ^), 

16.000(1  +2)  ^  g  000  p^^„^^ 
8 
Panel  c'^  (load  at  ^'), 

16.00^X  J  ^  2  000  p^^^^^ 
8 
In  V  a\  there  can  be  no  positive  shear. 
The  maximum  negative  shear  in  any  panel  is  numerically 
the  same  as  the  maximum  positive  shear  in  the  corresponding 
panel  at  the  other  end  of  the  truss, 

53,  Combined  Sbears. — By  combining  dead-load  with 
positive  and  negative  live-load  shears  for  the  left  half  of  the 
truss,  the  following  results  are  obtained: 


0) 

a 

Dead -Load 
Shear 
Pounds 

Positive 

Live-Load 

Shear 

Pounds 

Negative 

Live -Load 

Shear 

Pounds 

Maximum 

Shear 

(Dead  + 

Positive 

Live- Load) 

Pounds 

Minimum 

Shear 

(Dead  + 

Negative 

Live-Load) 

Pounds 

ab 
be 
ed 
de 

+  22,400 

+  1 6,000 
+    9,6oo 

+     3.200 

+  56,000 
+  42,000 
+  30,000 
+  20,000 

—  2,000 

—  6,000 

—  12,000 

+  78,400 
+  58,000 
+  39»<'00 
+  23,200 

+  22,400 
+  14.000 
+     3.600 
-     8,800 

54.     Exact  lilve-T^oad  Shears, — For  purposes  of  com- 
parison,    the    exact    maximum     live-load    shears    may    be 
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calculated    from    the    formula    given    in    Sifesses    i7i    Bridge 
Trusses,  Part  1:  namely. 


V* 


wx 


?n' 


2{n-l) 
In  the  present  case,  JV",  the  panel  load,  is  equal  to  16.000 
ponnds,  and  «  is  equal  to  H.     For  the  panel  a^»  w  =  7;  for 
the  panel  &f,  m  —  6;  etc.     The  exact  shears,  the  approximate 
shears,  and  the  differences  are  as  follows: 


Pane] 

Exact  Shear 
Pounds 

Approximate 
Shear 
Pounds 

Differeoce 
Pounds 

ab 

56.000 

56,000 

be 

4  M  00 

42,000 

900 

td 

28,600 

30,000 

1.400 

dt 

18,300 

2O,DO0 

1,700 

ed* 

10,300 

12,000 

1,700 

rfV 

4,600 

6,000 

1,400 

r'^' 

1,100 

2,000 

900 

¥af 

The  approximate  shears  are  greater  than  the  exact  in  every 
panel  except  the  two  end  panels.  This  is  on  the  safe  side, 
and,  as  the  differences  are  not  great,  the  approximate  values 
may  be  used. 

55.  Maxlnitim  and  Minimum  Btresses  In  the 
'I>la^nnal». — The  maximum  stresses  in  the  diagonals  are 
found  from  the  maximum  combined  shears.  The  stress  in 
any  diag^onal  is  equal  to  the  combined  shear  in  the  panel  in 

^^hich  the   member  is  located   multiplied  by  esc  H,  which 

^Hd  this  case  is 

In  all  panels  except  de^  both  the  maximum  and  minimum 
combined  shears  are  positive.      In  panel  de^   they  are  of 
jopposite   kinds;  when  the   truss    is   loaded  on  the    right   of 
lis  panel,  the  combined  shear  is  positive;  whea  loaded  on 
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e 

i 


the  left,  il  is  negative.  This  reversal  of  shear  requires  th 
use  of  two  diagonals  in  panel  iie.  As  explained  hi  Art,  4G 
the  diagonal  /)f,  wiiich  slopes  upwards  toward  the  left,  is  the 
main  diagonal  and  Is  in  tension  when  the  shear  in  panel  tft: 
is  positive;  the  diagonal  dB^  which  slopes  upwards  towai 
the  right*  is  the  counter,  and  is  in  tension  when  the  shear  i 
negative.  The  maxinnnn  c<jitjbined  shear  in  the  panel  {/r  i 
positive  and  equal  to  23,2(K)  pounds;  then,  the  maximum 
tension  in  Dt*  is  equal  lo  2:J.200  X  1-28  =  29,700  pounds, 
The  minimum  combined  shear  in  panel  </f  is  negative  and 
equal  to  8,800  pounds;  then  the  maximum  tenskm  m  d B  iajH 
equal  to  8,800  X  1.28  -  11. 2C0  pounds.  The  minimum  stress^ 
in  each  diagonal  in  panel  dc  is  equal  to  zero,  as  it  is  assumed 
that  when  one  is  m  action  the  other  is  out  of  action.  ^M 

56.     From  the  foregoing,  it   follows   that  the  maximum 
tension  in  any  main  diagonal  to  the  lelt  of  ihe  center  is  equal 
to  ihe  maximum  positive  combined  shear  in  the  panel  in  which 
the  diagonal  is  located,  niultipHed  by  esc  //.     When  the  min-'B 
imum  combined  shear  in  any  panel  is  positive,  the  minimura^^ 
tension  in  the  diagonal   in  that  panel   is  equal   to  the  min- 
imum combined  shear  muUipHed  by  csc/^;  when  the  minimum 
combined  shear  is  negative,  a  counter  is  required,  the  max- 
imTim  tension  in  which  is  equal  to  the  minimum  combined 
shear  multiplied  by  esc  //;  in  the  latter  case^  the  minimum 
tension  in  both  the  main  diagonal  and  the  counter  are  equal^ 
to  zero.  ^ 

S7i  Maximum  stresses  In  the  Verticals.- — The  stress 
in  the  hip  vertical  B  if  h  found  by  considering  the  joint  6;  the 
maximum  combined  stress  in  ^^  is  tension,  and  equal  to 
the  Slim  of  a  dead  and  a  live  panel  load,  or  22.400  pounds. 
The  stress  in  Cc  is  found  by  considering  joint  C.  As  the 
only  vertical  forces  acting  at  this  joint  are  the  stresses  in  Cr 
and  Ct/,  the  maximum  combined  stress  in  Cc  is  compreRsion 
and  equal  to  the  vertical  component  of  the  maximum  com- 
bined stress  in  Ct/,  or  39,600  pounds.  In  like  manner*  the 
maximum  combined  stress  in  Dti  is  found  to  he  23,200 
pounds  compression,  and  in  £"^,  8,800  pounds  compression. 
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The  stress  in  Ee  is  a  maximum  when  joints  ^/',  r*^  and  ¥  are 
loaded  with  live  load.  Under  this  condition  of  loading;,  the 
combined  shear  in  panel  t  d'  is  positive,  counter  ^i^^  is  In 
action,  and  main  diagonal  e  D^  is  out  of  action.  The  mem- 
rs  of  the  truss  that  are  in  action  for  this  loading  are  shown 
in  Fig.  20  (f).  The  stress  in  Ee  is  equal  to  the  shear  on 
section  r^  which  is  the  maximum  positive  shear  in  piinel  ed'^ 

r  12,()00  -  3.200  =   +  8,800  pounds  compression. 
When  a  portion  of  the  dead  load  is  assumed  to  be  applied 

t  the  joints  of  the  unloaded  chord,  the  stress  in  any  vertical 
to  the  left  of  the  center,  except  the  hip  vertical,  is  equal  to 
the  vertical  component  of  the  stress  in  the  diagonal  in  the 
panel  to  the  right,  plus  the  toad  ai  the  joint  of  the  unloaded 
chord  4 

58*  Mtnlnitiin  Htresses  In  the  Tprtk-als. — The  mini- 
tnuni  stress  in  /?/>  is  tension,  and  equal  to  a  dead  panel  load, 
or  6,400  pounds.  The  combined  stress  in  Cc  is  compression, 
and  equal  to  the  vertical  component  of  the  minimum  com- 
bined stress  in  Cd,  or  3,600  pounds.  The  minimum  stress 
ixvDd  is  ^ero,  and  occurs  when  the  stress  in  the  diagonal  Di' 

a  minimum,  that  is,  when  the  counter  dE  is  in  action  and 
he  main  diagonal  De  is  out  of  action.  In  like  manner,  the 
minimurn  stress  in  Ee  is  zero,  and  occurs  when  the  main 
diagonals  Dc  and  c  Ly  are  both  in  action*  the  stresses  in  the 

unters  d E  and  d*  E  being  zero. 


Iiv* 


59*  Conihlned  8trosse*«, — The  ma^cimum  and  mini- 
mum stresses  are  shown  in  Fig.  22;  the  dead  and  live-load 
stresses^  in  Fig.  21.  In  the  counter  d E,  Fig.  21,  there  is 
shown  a  compressive  stress  of  4,100  pounds  due  to  dead 
load;  and  in  Ec,  a  tensile  stress  of  ;^.20(>  pounds.  These  are 
the  stresses  that  would  occur  in  d E  and  Er  if  the  main 
diagonal  Dt  in  the  panel  d£  were  omitted  when  there  is  no 
live  load  on  the  truss.  No  compression  can  actually  occur 
dE,  and  no  tension  in  vT^,  the  values  given  being  the 
ounts  by  which  the  live-load  stresses  in  those  members 
re  reduced  Viy  the  dead  load  when  the  main  diagonal  De  is 
out  of  action. 
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60.  Odd  Number  of  Panels.— The  Pratt  truss  repr 
sented  in  Fig.  23  has  an  odd  number  of  panels.  In  this  trus 
there  is  a  center  panel  in  which  the  dead-load  shear  is  zero 
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The  dead-load  stresses  in  the  two  diagonals  in  this  panel 
are,  therefore,  equal  to  sero^  and  both  may  be  considered  as 
counters.  Otherwise,  this  truss  is  the  same  as  the  one 
already  analysed.  ^ 

61.  Chord  Stresses  for  Partial  liOnd. — It  is  some- 
times necessary  to  compute  the  stress  in  a  chord  member 
due  to  a  live  load  over  a  portion  of  the  span.  In  the  panels 
where  there  are  no  counters,  the  center  of  moments  for  any 
chord  member  will  be  the  same  for  a  partial  as  for  a  full 
load.  In  the  panels  where  there  are  counters,  the  center  of 
moments  for  the  chord  members  depends  on  whether  the 
counter  or  the  main  diagonal  is  in  action  for  the  specified 
loadine:.  If  the  main  dia£:onal  ts  in  action,  the  center  of 
moments  will  be  at  the  intersection  of  the  main  diagonal 
with  the  opposite  chord;  if  the  counter  is  in  action,  the 
center  of  moments  will  be  at  the  intersection  of  the  counter 
with  the  opposite  chord, 

ExA^sPL^. — Let  it  be  required  to  calculate  the  stress  in  the  ch 
member  ^rf',  if  the  througK  PraU  truss  shown  in  Fig.  'Mi  [a)  carries  a 
dead  load  of  (i,-1CX)  pounds  at  each  panel  point,  and  a  live  load  of 
16.000  poUDds  at  eauh  of  the  panel  points  e,  d\  r",  antl  &'. 

SoLUnow. — The  dead-load  reaction  at  the  left  end  is 

^^^—  =  22,400  lb. 

The  dead- load  shear  In  the  panel  t^d'  is 

22.400  -  4  X  ti,4l)0  =  -  3,200  lb* 
The  live-load  teactioti  at  the  left  end  is 
16.000  X  (I  +  2-h;i  +  4) 


I 

1. 

I 


ord^ 


^ 


=  20.0001b, 
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The  live-toad  shear  in  the  panel  rd*  is 

20.aX)  "  16. (MX)  =  +  4.000  lb. 
The  combined  shear  in  the  panel  t  d'  is 

-  3.'J1]<1  +  -IJXW  =  +  rtOO  lb. 
The  corobmed  shear  is  positive,  and  causes  tension  in  the  member 
sirvping  upwards  to  the  left,  which  is  the  counter  d'  R.  Therefore,  the 
couoter  d'  K  is  in  action  for  the  specified  loading,  as  shown  lo 
^Figf.  20  (r),  and  the  center  tif  moments  for  €d'  is  at  E^  the  intersection 
^Of  i/'  £'  and  E  ly.  Then,  Che  stress  med*  is  equal  to  the  moment  at  E 
divided  by  the  height  of  the  truss;  or,  the  tension  in  t  d'  is 
[22,400  X  4  -  6.400(1  +  2  +  3)  +  2Q,(KX)  K  4]  X  16 

ao 


=  104,9601b.    Ans. 


trtn  

S   <\t  Tt  THE  D£CK  PRATT  TRUSS 

62.     Description, — The  deck   Pratt   truss  may  be  sup- 
ported in  any  of  the  ways  shown   in  Figs.  24^  25,  and  26. 


Fig   24 

These  three  trusses  are  alike  except  for  the  end  panels.     In 
Fig.  24,  the  truss  is  supported  at  the  point  a  in  the  satne  way 


Fig.  & 

as  the  through  Pratt  truss;  the  loads  in  the  end  panel  are 

supported  by  stringers  .-/  B^  the  ends  of  which  either  rest  on 

4 B       _c     __p   __E         n'        f'        b'        a' 


the  masonry  at .-/  or  are  supported  by  vertical  members  a  A, 
In  this  truss  the  inclined  member  a  B  is  the  end  post,  and  is 
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a  compression  member.  In  Fig.  25*  the  truss  is  supported 
at  the  point  y1,  and  the  end  diagonal  j4  6  Is  a  tension  mem- 
ber. In  Fig.  26,  the  truss  is  supported  at  the  point  n]  the 
vertical  a  W  is  in  compression,  and  is  called  the  verlkal  aid 
pcsi;  the  web  diagonal  A b  is  in  tension;  the  stress  \n  at  due 
to  dead  and  live  loads  is  ze^o^  this  member  being  inserted 
for  the  sake  of  stiffness. 

63.  Chord  stressest  —  Using  the  same  loads  and 
dimensions  as  for  the  through  Pratt  truss  in  Fig.  20  (a)^ 
the  stress  in  any  chord  member  of  the  deck  Pratt  truss  will 
be  the  same  as  the  corresponding  member  of  the  through 
Pratt  truss.  For  example,  the  stress  in  CD^  Fig,  20  (a), 
is  equal  to  the  moment  at  d  divided  by  the  height  of  the 
truss;  also,  the  stress  in  CD,  Figs.  24,  25,  and  26,  ts  equal 
to  the  moment  at  d  divided  by  the  height  of  the  truss.  In 
Figs.  25  and  26,  the  stress  in  AS  eguals  the  stress  in  he. 
For  any  other  dimensions  and  loading,  the  chord  stresses 
may  be  found  in  exactly  the  same  way  as  for  the  through 
Pratt  truss.  The  maximum  chord  stresses  occur  when 
there  is  a  full  live  load;  the  minimum,  when  there  is  no 
live  load.  ^| 

64.  Strceses  In  Dln^onnl  Members. — The  end  diag- 
onal in  Fig.  24  is  a  compression  member;  the  end  diagonals 
in  Figs.  25  and  26  are  tension  members.  The  vertical  com- 
ponent of  the  maximum  stress  in  the  end  diag^onal  is  equal 
to  l?ie  maximum  positive  shear  in  the  end  panel;  the  ver- 
tical component  of  the  minimum  stress  is  equal  to  the  dead- 
load  shear.  The  stresses  in  all  the  other  diagonals  may  be 
found  in  exactly  the  same  way  as  for  the  through  truss. 

65.  stresses  in  Vei'Tloal  Memliers. — The  stresses  in 
the  verticals  are  diflEerent  from  those  in  the  corresponding 
members  of  the  through  truss.  The  vertical  Bb»  Fig.  2A^ 
is  the  hip  vertical;  the  stress  in  ^^  is  equal  to  zero,  or  to 
the  dead  load  at  /\  if  any.  The  maximum  stress  in  Aa^ 
Fig.  26,  is  equal  to  the  left  reaction  when  there  is  a  full 
live  load;  the  minimum  stress  in  A  a  is  equal  to  the  left 
reaction    when    there    is   no  live  load.     In   calculating  the 
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stress  in  ^ a,  one-half  of  a  panel  load  must  be  applied  at  y^, 
as  this  is  carried  to  the  abutment  by  .1  a.  The  stress  in  any 
olher  vertical  is,  in  general,  equal  to  the  shear  on  a  plane 
of  seciion  cutting  that  vertical  and  two  chord  members* 
Thus,  the  stress  in  Cc,  Fig,  24,  is  equal  to  the  shear  in  ttie 
plane  of  section  p\  Then^  the  maximum  compression  in 
any  vertical  on  the  left  of  the  center  {except  the  hip  ver- 
tical and  vertical  end  post)  is  equal  to  the  maximum  positive 
shear  in  a  plane  cutting  that  vertical  and  the  two  chord 
members  between  which  the  vertical  lies*  This  occurs  when 
the  joint  at  the  top  of  the  member  and  all  joints  to  the 
Tig^ht  are  loaded. 

The  maximum  positive  combined  shear  in  the  panel  to 
the  left  of  the  center  vertical  may  be  less  than  the  sum  of  a 
dead  and  a  live  panel  load,  in  which  case  the  maximum 
compression  in  the  vertical  will  be  equal  to  the  sum  of  a 
dead  and  a  live  panel  load.  In  this  case,  the  shear  in  the 
panel  to  the  rtjjbt  of  the  vertical  will  be  negative,  and  the 
main  diagonals  in  both  cenier  panels  will  be  in  action;  as 
the  stresses  in  the  two  counters  that  meet  at  the  top  of  the 
center  vertical  will  then  be  equal  to  aero*  the  vertical  will 
simply  support  the  load  at  its  upper  joint. 

When  the  minimum  combined  shear  in  any  panel  on  the 
left  of  the  center  is  positive  and  gn^afer  than  a  dead  panel 
ioad,  the  minimum  stress  in  the  vertical  on  the  right  of  such 
pane)  is  equal  to  the  minimum  combined  shear  on  the  plane 
cutting  such  vertical  and  the  two  chord  members  between 
which  it  lies.  When  the  minimum  combined  shear  is  positive 
and  liss  than  a  dead  panel  load,  the  shear  in  the  panel  to  the 
right  of  the  vertical  is  negative.  The  diagonal  sloping 
upwards  to  the  left  will  be  in  action  in  the  panel  on  the 
left;  the  diagonal  slopin^r  upwards  to  the  right,  in  the  panel 
on  the  right,  and  the  stress  in  the  diagonal  or  diagonals  that 
meet  the  vertical  at  the  top  will  be  zero.  Then,  the  only 
vertical  forces  acting  at  the  top  of  the  vertical  member  will 
be  the  dead  panel  load  and  the  stress  in  the  member;  there- 
fore, the  minimutn  stress  in  such  a  vertical  member  will  be 
equal  to  a  dead  panel  load. 
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^^^^           When  the  minimum  shear  in  the  panel  to  the  left  of  any^ 
^m             vertical  is  negative,  the  shear  in  that  panel  may  have  any^ 
^V               value  between  the  mtnimum  shear,  which  is  negative,  and  the 
^K              maximum  shear,  which  is  positive.     Therefore,  under  some  .^ 
^M              conditions  of  loadings  tlie  shear  in  the  panel  to  the  left  willH 
^M              be  positive  and  less  than  a  dead  panel  load,  and  then  the 
^M              stress  in  the  vertical  will,  as  shown,  be  a  niinimtiin  and  equal 
^M             to  a  dead  panel  load.     In  like  manner,  it  may  be  shown  that 
H              the  minimum  stress  in  any  vertical  between  this  member  and 
^^^       the  center  will  be  equal  to  a  dead  panel  load, 

^^^y              ExAMPLB.-^Let  it  be  required  to  {Calculate  the  maximum  and  Tnini^| 
^                 niura  stresses  in  the  verticals  nf  the  deck  Pratt  truss  shown  in  Fig.  25, 
^M                using  the  same  dimen^ion!i  and  load^s  ns  for  the  through  truss  shown 
B               in  Fig.  rS)  [a)  and  descnbed  So  Art,  48,                                                  ^t 

^H                     Solution*— The  maximum   and   minimum  shears  are  the  same  as 
^H                for  the  throuj^b  truss,  Miid  are  gwen  in  Art.  53.     They  are  as  follows: 

H                                   Panel 

Uuiimum  SbfiAT 

FotLDdB 

Mloimtua  Shear 
Potiiidft 

+  78.40P 
+  58,000 
+  3g,6oo 

+  2J,2O0 

+  32,400                  fl 

4-    3.600              ^ 

-    S,S(JO 

^H                     The  maximum  stresses  (which  a.re  the  sum  of  the  dead-  and  Uve-loa<)^| 
^M                stresses)  are  as  follows:                                                                                    ^M 
^t^^                              Member                   Stress,  in  Popnds                        ^^^B 

^^^^^                            Cc                + 16.000  +  42.000  =  +  58.000               ^^H 
^^^^Kk                        Dd              +   9,600 +30.001)=  +39,eoo              ^^H 
^^^^^                           Ee                +    3.200 +20.000  =  +23,200               ^^W 
^^^^B             The  maximum  stress  in  Ee  is  equal  to  the  maximum  positive  s}iea^^| 
^^^         in  panel  DE,  PiS  this  is  greater  than  the  sum  of  a  full  dead  and  a  fuU^f 
^^^         live  patael  load  <22.40O  ]b.)^                                                                              fl 

^^^B            The  minimum  stresses  are  as  follows:                                                  ^B 
^^^1                                      Mfmber              Stress,  jv  Pounds                  ^^^| 

^^B                                                                               +  H.OOO                            ^^^1 

^^H                                              +                       ^^H 
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Tbe  miniamiti  shear  in  panel  CD  is  positive  actl  equal  to  \\,Wi\ 
pounds;  it  occyra  when  joints  H  and  Care  loadec].  Under  this  condi- 
tioa  of  loading,  the  load  at  D  i*»  a  dead  panel  load,  or  f>,400  pounils. 
Then,  The  shear  tn  panel  I? I£  for  the  same  l^mdinR;  is  ;^,(i()(l  —  0,4(tO 
—  —  1!,8U0  pounds;  as  this  is  negative,  the  counter  <//i  ts  in  action  and 
the  stress  in  De  ss  siero.  Therefore,  the  stress  tu  I)d  must  he  equal  to 
the  dead  panel  load  sx  Dy  which  \&  equal  to  6,400  pounds.  In  like 
manner,  it  may  be  shown  that  the  mmirotJm  stress  in  £"?  is b,'iOU  pounds. 


EXAMPLES    FOR    PRACTICB 

"  1.  Let  Fig.  27  be  a.  ten-panel  through  Pratt  truss  having  a  span 
length  of  180  feet  and  a  height  of  25  feet.  If  the  dead  load  is  1,200 
pounds*  one-third  of  which  is  applied  at  the  joints  of  the  unloaded 
chord,  and  the. live  load  ia  2,401}  pounds,  per  linear  foot  of  bridge, 


' 


FlQ,  27 


e  rf 

ISO  fU  — 


what  are:  (0}  the  maximum  stre^es  in  the  counters  and  main  diago* 
nals  in  flll  the  panels  in  which  counters  are  required?  \h\  the  maxi- 
mum atid  minimum  stresiies  due  to  combined  live  and  dead  load  it)  the 
diagonals  a  B  and  Be}  (r)  the  maximum  and  minimum  stresses  due 
to  combined  dead  and  live  load  in  the  verticals  Bb^  Dd,  and  /•"/? 
(rf)  the  maximum  and  minimum  stresses  rTue  to  combined  dead  and 
live  load  in  the  chord  members  be,  B  C^  and  D Ef 


Ans. 


Member 

KTRKSS,   I 

N   POtTKDS^ 

Maximum 

Minimum 

i^.jEf.fS' 

-    4(*.tJ00 

0 

-    30.000 

0 

(A\faB 

t*J    Br 

+  179.600 

4-  59,900 

-  142,400 

-43,900 

{Bb 

-    28.800 

-    7.20(1 

{c)\Dd 

+  m,\m 

+    6.tH0 

\Ff 

+    li),St)0 

-f    3,S00 

\b<: 

-  J06<000 

--3.5.000 

{d)\BC 

+  IHO.tiOO 

+ft2,200 

\de 

+  279,900 

+  03,300 

2.  I-^t  Fig.  28  be  a  nine-panel  deck  Pratt  truss  having  a  span  lenjrth 
nE  \m  feet  and  a  height  <if  20  feet.  If  the  dead  load  is  1.2<«)  pounds, 
i>ne-third  of  whicb  i;;  applied  at  the  joints  of  the  unlonded  rhord,  and 
the  live  luad  is  2,'J^^  pounds  per  linear  foot  oi  bridge:  {a)  what  are 
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the  maLximum  cumbined  stresses  in  the  counters  and  main  diaj^onal 
in  all  the  paaeli^  in  which  counters  are  required?     [&)  what  are  thi 


A            B           t 

It           S            E          O           * 

7             a             A' 

^:-^K 

\ 

\ 

\ 

X 

/ 

/ 

/ 

/ 

t1 

^mi        t 

}        t 

rf            «            «'           d'           c'           « 

» 



9p»ntUmf^0/t,^lS0ft, — 

Fig.  28 

miiximum  and  minimura  combined  stresses  im  the  diasjonals  ^'id  and 
Cti>  {(")  ia  the  verticals  Bit,  Dd,  a:adEt}  [d)  m  the  chord  members 
^c.  CD,  and£^£:'? 

Mbmubr 


I 


Afis. 


('0 
(*) 
U') 


dE,if  H' 
Ah 
Cd 
\Bb 
Dd 
Ee 
he 
CD 
BE* 


MAXlMt^M      MtNlMUM 

-  :i4(X) 

-  \t>.\m 

-  KM.lHK) 
H-  2;i'),4»K» 


i 
I 


THE   HOWK  TRUSS 

OU.     Description. — The  Howe  truss,  shown  m  Fig.  20,^ 
was  one  of  the  earliest  forms  of  simple  bridge  trusses  in 
Atnerica.     As  originally  constructed,  it  had  short  panels  with 


Fig.  » 

two  diagonals  in  each  panel,  and  vertical  end  posts;  all  parts 
of  the  truss  were  constructed  of  wood^  except  the  inter- 
tnediate  verticals,  which  were  iron  rods,  This  type  of  truss 
IS  still  used   to   some  extent  in  localities  where   timber  i& 
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plentiful.  At  present^  however,  all  the  members  that  receive 
no  stress  axe  omitted^  and  the  Inwer  chord  is  frecjuently  coH" 
structed  of  steeh  The  LliaE:<>nals  are  desi^^ned  to  resist  com- 
pression only;  therefore,  ihey  must  slope  downwards  to  the 
left  in  the  panels  in  which  the  shear  is  positivei  and  down- 
wards to  the  right  in  the  panels  in  which  the  shear  is  neg- 
ative-  TwQ  diagonals,  one  sloping  in  each  direction,  are 
required  in  each  panel  in  which  the  sign  of  the  maximum 
combined  shear  is  opposite  to  that  of  the  minimum  combined 
shear.  In  Ihe  orig^inal  trusses  of  this  type,  two  diagonals 
were  put  in  each  panel,  but  the  extra  diagfonals  or  couriters  in 
the  panels  near  the  ends  were  oinnecessary.  The  verticals, 
except  the  vertical  end  post,  were  designed  to  resist  tension 
only. 

The  modern  forms  of  the  Howe  truss  are  shown  in  Fig,  30 
as  a  through  truss^  and  in  Fig:,  31  as  a  deck  trass*  The  end 
posts,  upper  chord,  and  intermediate  diag^onals  are  con- 
structed of  wood;  the  verticals  and  bottom  chord  are  of 
steeK  The  counters  are  shown  in  dotted  lines,  and  are  put 
in  only  where  necessary. 

67.     Calculation    of    Htrcsses. — The    stresses    in    the 

tnembers  are  calculated  in  exactly  the  same  way  as  the 
stresses  in  the  members  of  the  Pratt  truss.  The  maximum 
stress  in  the  center  vertical  Dd  of  the  through  truss  shown  in 
Fig,  30  is  equal  to  the  maximum  positive  shear  in  panel  cd 


(when  there  is  no  dead  load  al  /?)»  or  to  a  full  dead  and  live 
panel  load,  whichever  is  the  g:reater;  the  minimum  stress  is 
equal  to  a  dead  panel  load.  The  maximum  stress  in  the 
center  vertical  ti  D  of  the  deck  truss  shown  in  Fig.  31  is 
equal  to  the  maximum  positive  shear  in  the  panel  dc*\  the 
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minitnum  stress  ts  equal  to  zero,  and  occurs  when  the  main 
diagonals  Cd  and  ti  O  are  in  action*     (In  reality,  the  stress 


in  dD,  under  this  condition  of  loading,  is  equal  to  the  dead 
load  at  D;  but.  if  this  is  all  assumed  at  the  joints  of 
loaded  chord,  the  stress  in  dD  will  be  zero.) 


EXAMPLE    FOR    PBACTICE 


2 


Let  Fig.  30  be  a  six-panel  through  Howe  truss  liaving  a  span 
length  of  !iO  feet,  consisting;  of  six  la-foot  panels, 'and  a  height  of 
'2  feet.  If  the  dead  ioad  is  800  pounds,  all  applied  at  the  loaded 
chord,  and  the  li\'e  load  is  2,000  pounds,  per  Unear  foot  of  bridge; 
find:  [it]  the  maximura  and  minimum  combined  stresses  in  the  chord 
members  ^C and  dc:  {6)  the  raaximum  combined  stresses iti  both  the 
maiQ  diagonal  and  the  counter  in  each  panel  to  the  left  of  the  center 
In  which  a  counter  \^  required:  {f]  the  maximuni  and  roiDimum  com* 
biaed  stresses  in  the  verticals  /»/>  and  Dd. 


Ans.^ 


Member 

ABC 


Sthess,  in  PotJNps 


(*) 


SrD 
\Cd 


-(-    &^,(jOO 

-  im.wo 

-K  28.fi00 

+  7,200 

"  5'2,.'tO0 

-  21.000 


+  18,HtK) 
-30.tl00 

0 

0 

-  15,000 

-  6,000 


TDE  WHIPPT.E  TRUBB 

68.  I>cfirfli>tlon,^If  the  simple  type  of  Pratt  truss  is 
used  for  the  longer  spans  to  which  the  Pratl  truss  is  adapted, 
it  will  be  impossible  to  make  use  of  an  economical  height 
of  trtiss  and  inclination  of  dia«:anal  without  using:  very  lon^ 
panels,  thereby  making  the  floor  system  very  heavy.  For 
such  spans,  it  is  convenient  to  use  a  modified  fonrt  of  the 
Pratt    truss,   making  use    of    multiple    systems   of    web    or 
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subdivided  panels.  The  Wlitpple  truss,  sometimes  called 
iltte  aouble-intersectlon  Pratt  truss,  is  a  modified  form 
of  the  Pratt  truss,  in  which  there  are  two  systems  of  web 
members,  the  diagonals  ranning  across  two  panels,  as 
shown  in  Fig.  32  («),  The  two  systems  of  web  members 
are  shown  in  full  and  dotted  lines*  There  is  a  largfe  number 
of  these  trusses  in  use  at  the  present  time,  but  they  are  now 


65 


avoided  by  the  best  engineers,  because  the  actual  stresses  in 
some  members  cannot  be  determined  acctaralely, 

69p  Method  of  Caloulation. — Applying  the  principles 
of  the  method  of  sections  to  the  truss  shown  in  Fig.  32  {a), 
it  will  be  seen  that,  if  the  truss  is  cut  by  a  plane  in  any 
panel  except  the  end  panel,  the  plane  will  cut  at  least  four 
members  in  which  the  stresses  are  unknown,  and  it  will  be 
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impossible  to  determine  those  stresses  by  the  principles  of   <■ 
statics,  unless  some  assumption  is  made  regarding  the  dt9V 
tribuiion  of  the  stresses  among  the  members.     It  is  custom-^ 
ary  to  assume  thai  the   truss   is   composed   of   two   trusses 
lying  in  the  same  plane  and  having  the  chords  and  end  post! 
in  common.     The  stresses  in  each  truss  are  supposed  to 
caused  by  the  loads  that  are  directly  applied  to  it.     The  twi 
systems   in   this  case   are   shown  separated   in    Fig.   32  (^) 
and  it).     For  convenience  of  reference,  the  system  shown 
in  full  lines  in  Fig.  '^*2  (/')  will  be  called  the  primary  system ^ 
and  the  system  shown  in  dotted  lines  in  Fig:.  32  (c)  will  bqA 
called  the  se^^ondary  system.  ^ 

The  joints  /?,  /*.  B\  and  A'  are  common  to  both  systems, 
and  one-half  of  each  of  the  loads  applied  at  those  points  may 
be  assumed  to  be  supported  by  each  system.  The  stresses 
may  be  found  in  all  the  members  of  each  system,  for  the 
loads  that  come  on  that  system,  in  exactly  the  same  way  in 
which  the  stresses  are  found  in  the  single-intersection  Pratt 
truss.  As  the  chords^  end  posts,  and  hip  verticals  are  com- 
mon to  both  systems,  the  stresses  found  in  those  members 
in  each  system  are  partial  stresses,  or  component  stresses, 
and  must  be  added  together  to  get  the  actual  stresses.  As 
each  of  the  web  members,  except  the  end  posts  and  hip 
verticals,  occurs  in  but  one  system,  the  stresses  found  in 
them  are  the  actual  stresses.  The  assumption  that  the  two 
web  systems  act  independently  is  not  strictly  correct,  but 
the  resulting  error  is  probably  very  small. 


4 


ExAMf  LC. — Let  it  be  required  to  calculate  the  maximuiu  stresses 
the  chord  members  C D^  D E^  *•/,  and  ff^^  and  in  (he  weh  me 
bers  Bc^  l%e,  eC,  Dd,  and  Df,  in  the  tweive-patiel  through  Whipple 
trass  shown  in  Fig.  ^*1  (a),  having  a  span  length  nf  216  feet,  and  a 
height  of  3t)  feet,  when  the  dead  Inad  is  l^OfX)  paunds  (aU  applied  at 
the  joints  of  the  loaded  chord),  and  the  live  load  is  ]  .WHt  poundSf  per 
linear  foot  nf  bridge.  The  dead  and  the  live  panel  Ir^ad  are  S>,000  and 
14,400  pounds,  respectively;  nt  the  joints  b  nnd  h\  the  pauel  loads  for 
each  system  are  to  be  taken  at  one-half  these  vulutis.  J 

SonuTioN.— TAflrrf  .9/frjj('-f-— The  tni-^s  may  be  separated  into  the 
primary  system  shown  in  Fig.  S2  i,b'\  and  the  secondary  system  sliowa 
in  Fig.  32  {€).    To  find  the  stresses   in   CD,  DE,  tf,  ajid  fg,  it 
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necessary  to  calculate  the  Mresses  in  C E  and  eg  **t  the  pnmfiry  syjilem. 

and  in  f>  P.  D  /%  rf  A  and  //'  of  the  secondary  system.     The  total  i1ead 
OQ  the  primary  system  is  9,(IOl>  x  t».  anri  each  reaction  is  equal  to 

—  -J      -  —  U/  ,*MM)  lb. 


[dead-load  chord  stresses  are  as  follows; 


Stress  in  C  E  =  — 


KtlSm  X  4  -  4.500  X  3  -  H.OOO  X  2)  X  18 


m 


=  +3S,2501b, 


The  stress  in  eg  is  equal  lo  the  stress  in  C E  —  —  rt8,260  lb. 
The  total  dead  load  on  the  secotidary  system  is  9,000  X  5,  and  each 
react ioti  ifi  equal  to 

9^X5 
'3 


22*.500lb. 

The  dead-load  chord  streiwes  are  as  follows: 
Mkmbsr 

(22,600  X  3  -  4,?iOO  X  2)  X  IS 


B  n 


VF 


3a 

f  22,500  X  5  -  4.500  X  4-9,000  X  2)  X  18 


3tJ 


dt     (stress  in  B  D) 
!V     (stress  in  D  F) 


Strrss, 
IN  Pounds 

=  +29.350 


=  -f- 38,250 

-  29.250 

^  38.250 


Theti.  the  dead-load  chord  stresses  id  this  truss  are: 
Member  Stress,  in  Pounds 

CD  38,2511  +  29.250  =   +  (i7/>00 

DE  :W,2-7)  +  :t8,2.'Mt  =  +  Tii.rriK) 

€f  38.250  +  2y,25<>  =   -  H7..VM 

fjf  S8,2?>0  +  38,2.50  =   -  7li,r>00 

As  all  the  dead  load  is  applied  at  the  joints  of  the  loaded  chord,  the 
Itve-load  stresses  will  be  equal  to  the  dead-load  stresses  miihlplied  by 

'      ,  and  the  maximum  combined  stresses  will  be  equal  to  the  dead- 

2  000 
load  stT^ssea  multiplied  by  7*™^,  or  by  2,#J, 


I 


The  maximum  combined  Ktressef;  are  as  follows: 
Member 


Maximum  Stress, 

IN  l^oiNias 


CD  +  (17,-^)0  X  2.*i  =  +  175,500 

DE  +  7(1,.VI0  X  2,ti  =  +  IS*8,mXl 

€i  -  *17,ri00  X  2.0  ^  -  l7r>,5(X} 

f^  -  7rl,WW  X  2.*i  ^    -  ]»»H.SI00 

lf>#  Sirr^srs, — The  web   members  Sc,  Ee,  wnd  rG  occur  in  the 
primary  s>'Stem.     The  dead-load  shears  are  as  follows: 
shear  in  panel  dc  ^  27.000  -  4,rrfX}  ^  22.5(K)  lb, 
ihear  iti  panel  t*^  ^  27,(KX)  -  4,r>00  -  9.000  x  2  =  4,oOO  lb. 
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For  t  he  raem  bcr  B  c , 

CSC  H  = 
for  the  member  cGy 

esc//  = 


VieT'  +  se' 


=  1.118; 


=  \A\\ 
18  = 


25.200  lb. 


The  dead-load  stress  m  Be  is  2*J,.'H)0  X  1-1 

The  dead-load  stress  in  Ee  is  +  4,r)00  lb. 

The  dead-load  stress  in  e  G  (counter,  nssuming  that  the  maia  diag^ 
onal  Eg  is  ieft  out)  is  4,,'i(M}  X  1.414  =  +  <!.4m  lb. 

The  members  Dd  and  Df  occur  in  the  secoadary  systeni.  The 
shear  in  the  paoel  d  f  \^  22,500  -  4.500  -  fl.CKW  =  9,t)0(l  lb. 

The  dead-load  stress  \n  Od\^  ^  *J,<)00  Ih. 

The  dead-load  stress  in  Z?/is  0.O(K)  X  1.4U  =  -  12,700  lb. 

The  maiimum  live-load  stresses  fr>r  the  primary  system  are  as  fol- 
lows, the  loud  at  b'  being  a  hall-panel  load;  For  the  member  Bc^ 
with  the  truss  loaded  to  c  from  the  right  end,  the  shear  in  panel  be  ia 
14,4tW ( i  +  2  +  4  -f  ti  +  8  +  10) 


12 


=  36,600  lb. 


The  live  load  stress  in  Be  is  36,600  X  MIS  =  -  40.900  lb 
For  the  member  j?f,  with  the  truss  Loaded  to^  from  the  right  end 
the  shear  m  panel  eg  is 

14.400(^-1-2  +  4) 


X2 


=  16.000  lb. 


J 


The  lh*e-lofld  stress  in  Ee  is  +  15,000  lb. 

For  the  coiiuter  eC,  the  member  e*  C  may  be  considered  instead. 

With  the  truss  loaded  to^  from  the  right  end,  Ihe  shear  in  panel  ^y  is 

14,400  (i +  2  +  4) 


12 


=  7,aoo  lb. 


The  live-load  stress  in  ^  C  is  7,800  X  1.414  =  -  11,000  lb.  ~ 

The  maximum  live-load  stresses  for   the  secondary  system  are  as 

follows,  the  load  at  b^  being  a  half -panel  load:     For  the  metnhers  Dd 

and  D  f:,  with  the  truss  loaded  to  /.  trom  the  right  end,  the  shear  iti 

panel  d  f  is 

14.400(1  +  3  +  5  +  7) 

-      ^—,^  ^  -^    *  =  18  600  lb. 
12 

The  live-load  stress  in  Z>ef  is  +  18,600  lb. 

The  live-load  stress  in  Z^fis  18.600  X  1.414  =   --26.3001b, 

The  final  maximum  combined  stresses  are  as  follows: 

MEMiJBR  Stress,  in  Pounds 

Be        -  25,200  -  4O.QO0  =   -  66,100 
Ee  4,500  +  15.000  =  +  19..'500 

eG        -  H.00<.»+    G.400  =  -    4.600 
Dd  9,000+  18.600  ^   +27,e00 

Di        -  12,700  -^  26.300  =  -  39,000 
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exampTjE   for  practice 

Let  Fifj.  32  (a)  be  a  twelve-panel  through  Whipple  truss  having 
a  spa»  length  of  1R1>  feet  and  a  height  of  .jti  feet.  If  the  dead  load  is 
1.2110  pounds,  all  applied  at  the  joints  of  the  loaded  chords  and  the 
live  load  is  2,2lK)  pounds,  per  linear  foot  of  bridge,  tind:  (a)  the  maxi- 
mum and  minimum  oombined  stresses  in  the  chord  raerabers  £  d^  dt", 
£ Fx  and  FC%  (A)  the  maxituurn  and  miDJEDum  combined  stresses  in 
the  web  members  Bd^  Eg^  Ff\  Ct,  atid  Ff. 

Mbmb&r 


Ans.- 


Stress,  in  Poifnds 


{a) 


(a: 


cd 
de 
EF 
VFC 
Bd 
Eg 
FF 
Ce 
Ff 


+  229.500 

+  22?), 600 

-  7ajo() 

-  30,700 

-  ia,600 

+  41,700 
+  11.700 


-  ,sn.ooo 

-  ,'i4,0(MI 
+  8 1. IKK) 
+  «l,tJO0 

-  2-1,  .500 

0 

0 

+  10.100 

0 


k 


THE  POST  TKUeS 

70.  Description.— The  Post  truss.  Fig,  33  {a),  may 
be  looked  on  as  a  modified  Whipple  truss  with  an  odd  num- 
ber of  panels  in  the  bottom  chord.  This  truss  is  seldom 
built  at  present  on  account  of  the  uncertainty  in  the  stresses. 
The  compression  web  members  are  inclined  so  tbat  their 
upper  joints  are  one-half  a  panel  nearer  the  center  of  the 
tniss  than  their  lower  joints.  The  two  center  members^ 
one  on  each  side  of  the  center  panel  of  the  lower  chord, 
meet  at  the  center  of  the  upper  chord.  The  main  diagonals 
are  tension  members  and  slope  across  one  and  one-half 
panels.  The  diagonals  shown  in  dotted  lines  are  counters, 
and  were  formerly  inserted  in  each  panel,  although  those  in 
the  panels  near  the  ends  were  not  needed.  At  present, 
counters  are  used  only  where  they  are  actually  needed. 
There  are  in  reality  two  systems  of  web  members,  but  as 
they  are  connected  at  the  center  joint  of  the  upper  chord, 
and  as  the  counters  connect  the  compression  web  members 
of  the  two  systems,  it  is  impossible  to  calculate  the  stresses 
from   the  equations  of   equilibrium  without  making:   some 


70 


STRESSES  IN  BRIDGE  TRUSSES 


§6S 


assumption  as  to  their  distribution.  The  common  assum 
lions  for  this  truss  give  only  roughly  approximate  result 
It  is  customary  to  divide  the  truss  into  two  systems,  a. 
shown  in  full  lines  in  Fie*  '^^  i^)  a.nd  (r)*  and  treat  each  sys- 
tem as  an  independent  tmss  in  mui-h  the  same  way  as  in  the 
Whipple  truss.  It  will  he  seen  that  each  system  is  unsym^ 
metrical,  but  that  the  two  are  alike  end  for  end* 


aS^^ 


71,     Chord  Stresses.      It  will  be  necessary  to  calculate 

the  stresses  in  all  the  chord  menibers  of  only  one  system. 
For  example,  the  maximum  stress  in^  B^  FJ£.  33  (a),  is  equal 
to  the  sum  of  the  stresses  in  A  Ct  Fig[.  33  {if),  and  ^1 B. 
Fie-  33  if).  But,  since,  when  the  whole  truss  is  fully  loaded, 
the  stress  in  yV B^  is  equal  to  that  in  -'/  B^  Fig'.  33  (r ).  it  is  not 
necessary  to  calculate  the  latter  stress  separately.  The  stress 
in  A  C  is  equal  to  the  moment  at  c  divided  by  the  height;  the 
Stress  in  .4^  B^  is  equal  to  the  moment  at  *'  divided  by  the 
height.     In  like  manner,  other  chord  stresses  may  be  found. 
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i  2*      Slrc'SHt^H  III  Miih*  Web  Members. — As  the  systems 

»are  alike  end  for  end,  it  is  cmly  necessary  to  analyze  each 
Bystern  for  loads  on  Ihe  right  of  the  center.  The  member .  /  it. 
Fig-  33  (a J,  occurs  in  both  systems;  the  stress  in  it  is  equal  U> 
the  sum  of  the  reautions  at  a  in  the  two  sy^tems»  Fij^s.  33  (h) 
and  (r),  tnultiplied  by  esc//,;  or,  since  the  reaction  ate?  in{c} 

'  is  equal  to  the  reaction  at  a'  in  (^),  the  stress  mn.-l  is  ecjual 
to  the  sum  of  the  two  reactions  of  either  system  multiplied 
by  CSC  .^,,  The  same  is  true  of  the  stress  in  .-J' «',  The 
niaximum  stresses  in  the  other  web  members  may  be  found 
from  the  maximum  shears  in  the  respective  panels.  For 
example^  the  vertical  component  of  the  maximum  stresses 
in  Ar  and  in  A' c'  is  equal  to  the  maximum  positive  shear  in 
panel  ac.  Fig.  33  {d)i  in  Cc  and  Ct\  O  c^  and  C^ e\  to  the 
maximum  positive  shear  in  panel  cCy  Fiy:.  33  (b)\  in  Ec  and 
Ei\  E* t'  and  FJ {,  to  the  maximum  positive  shear  inpanelf /', 
Ftg.33{i4), 

■■    Also,  the  vertical  component  of  the  majcimum  stresses 

^^in  Ab  and  A*  ¥  is  equal  to  the  maximum  positive  shear  in 
panel  ab.  Fig.  33  (r);  in  Bh  and  B  d,  B'  b'  and  B' d\  to  the 
maximum  positive  shear  in  panel  bd.  Fig.  33  {c)\  in  Dd 
and  D  f,  D^  f/^  sind  D*  i\  to  the  maximura  positive  shear  in 
panel  i//,  Fi^.  33  (r).  The  maximum  positive  shear  in  any 
panel  obtains  when  all  joints  to  the  rig^ht  are  loaded  with  a 

■o^live  load. 


73.  Htrcfls^s  In  Counters.— The  compression  mem- 
bers /^/and  F(*  may  he  considered  as  counters,  as  they  are 
not  in  action  for  full  load.  In  Fig.  33  {b),  when  the  com- 
bined shear  in  panel  /"'rf'  is  positive,  the  members  D* d* 
and  [y  i^  may  be  considered  out  of  action^  and  the  mem- 
bers*/'^', Ey,  e  F.  and  FP  in  action.  In  Fig.  33  (r) ,  when 
the  combined  shear  in  panel  /t^  is  positive,  the  members  t^ E* 
and  E*  f  may  be  considered  out  of  action,  and  the  mem- 
bers ^  F  and  Fi  in  action;  when  the  combined  shear  in 
panel  4^ ^  is  positive,  r'  C^  and  V  t^  may  be  considered  out  of 
action,  and  f'/>.  ly  d\  d*  E\  and  £^"'  in  action.  When  the 
live  load  extends  ta  ^  from  the  right,  the  joints  d*  and  i', 
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Fig.  33  (/*).  and  ^  and  r'.  Fig.  33  U),  will  be  loaded.  If  the" 
combined  shear  in  panel  /*''  is  positive,  the  vertical  com- 
ponent of  the  stresses  in  /'"/and  F/  is  equal  to  the  shear  i 
the  panel  fi'';  if  the  combined  shear  in  the  panel  P  tf  is  also 
positive,  the  vertical  component  of  the  stress  in  f/^  and  E'J* 
is  equal  to  the  shear  in  panel  /V,  and  the  vertical  component 
of  the  stress  in  Fe^  is  equal  to  the  sum  of  the  shears  in 
panels  /'  ti'  and  /f'.  The  stresses  in  the  other  counters  may 
be  found  in  like  manner,  ] 

It  must  be  understood  that  for  this  truss  the  foregoing 
method  of  calculation  is  rot^hfy  approximate  and  is  given 
here  simply  to  afford  a  means  of  finding  stresses  in  trusses  oi 
this  nature  already  built  rather  than  as  a  guide  in  designing. 
The  Whipple  truss  answers  the  same  purpose  ^^  the  Post  truss, 
and  is  preferable  because  the  approximate  method  of  calcula- 
tion gives  closer  results  for  the  former  than  for  the  latter. 


1 


THK  BAT^TIMORE  TRUSS 
74*     De^scrlptlon* — The  Baltimore  truss,  shown  as  a 

throiigrh  bridge  in  Fig,  34^  is  in  reality  a  Pratt  truss  with 
long  panels,  which  are  subdivided  by  the  addition  of  short 
verticals  and  diagonals,  such  as  Z>t/  and  Dc,  intersecting^  thQ^|| 
main  diagonals  half  way  between  the  lop  and  bottom  chords,  " 
This  form  of  truss  allaws  the  use  of  an  economical  height  and      i 
inclination  of  diagonal,  without  excessively  long  panels,  an^H 
is  used  to  a  great  extent  at  the  present   time  for  railroad 
and   highway  bridges.     The  short  verticals  {Dd^  Ff,  etc.)^^^ 
called  the  eubvertloai^,  are  tension  members;    the  shorf^H 
diagonals  (e  D^  eF,  etc.),  called  the  subfitvuts,  are  compres-^^ 
sion  members;  f  F  also  acts   as   a  tension  member  as  the 
lower  half  of  the  counter  eFGvih^n  that  counter  is  in  action; 
All    the   other  members    are   similar    to  the   correspondini 
members  of  the  simple  Pratt  truss. 

75»     Chord    6tre»seF4* — The    stress    in    any    top-chord 

member  may  be  found  by  cutting  the  truss  by  a  plane  that 
intersects  the  member  whose  stress  is  desired  and  the  lower 
half  of  a  main  diagonal.     For  example,  for  the  stress  in  CE^ 


I 
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ig.  34  {a)t  the  truss  may  be  considered  as  cut  by  a  plane  at 
the  section  ^:  then  the  stress  in  C/i  is  equal  to  the  moment 
of  all  the  forces  to  the  left  of  section  g  about  ihe  point  e 


Fio.M 

divided  by  the  height  of  the  truss.     In  the  present  cascj 
Pie.  34  (^), 

S  -  ^iX4>-  IV(1  +2  +  3)^ 
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denoting  the  panel  length  by/,  and  the  height  of  the  truss' 
by  h. 

The  stresses  in  the  bottom-chord  members  ab^  de^fg^ 
etc.  may  be  found  by  cutting  the  tniss  by  a  plane  that  inter- 
sects the  member  whose  stresb  is  desired  and  the  lower  half 
of  a  main  diagonal.  F'or  example,  for  the  stress  in  dc. 
Fig,  34  (it)*  the  truss  may  be  considered  as  cut  by  a  plane 
at  the  section  q\  then  the  stress  in  dc  is  eqiial  to  the  moment 
of  all  the  forces  to  the  left  of  section  q  about  the  point  C, 
divided  by  the  height  of  the  truss.  In  this  case,  loads  at  tf 
and  /?,  if  any,  have  positive  or  right-handed  moments  about 
the  point  C,  similar  to  the  moment  of  >?i»  and  this  must 
be  remembered  in  -writing;  the  equation  of  moments.  Tke 
moment  of  t/u  (oues  im  i/ic  Uii  of  sectfori  q  about  the  point  C  is 
noi  (he  bendins:  momntt  on  the  truss  af  the  point  C,  In  the 
present  case,  Fig.  34  [b), 

R.  X  ^P  -  IVxp^  IVXfi 
h 

The  stresses  in  the  bottom-chord  members  bc^  cd,  cf^  etc 
may  be  most  easily  found  by  considering  the  forces  acting 
at  the  intermediate  panel  points.  For  example^  for  the 
stress  in  cd^  Figf.  34  (a),  the  joint  d  may  be  considered 
a  free  body,  as  shown  in  Fig.  34  {c).  The  only  hori- 
zontal forces  are  5**  and  ^S*,;  they  must  be  eqi;a]  and 
opposite;  in  other  words,  the  stress  in  ri^  is  equal  to  the 
stress  in  de.  In  like  manner,  it  may  he  shown  that  the 
stress  in  ^r  is  equal  to  the  stress  in  ab^  that  in  c/  equal 
to  that  in  /^,   etc. 

The  maximum  chord  stresses  obtain  when  there  is  a  full 
live  load;  the  minimum  slresseSi  when  there  is  no  live  load. 


5,  = 


I 


76.  Str^sftp^  tn  tJie  8iibvertlt?als. — The  stress  in  any 
subveriical  may  be  found  hy  considering  the  forces  acting  at 
an  intermediate  panel  point.  For  example,  for  the  stress  in 
Dd^  the  joint  d^  Fig.  34  (r),  may  be  considered.  The  only 
vertical  forces  are  the  stress  in  /^  r/ and  the  panel  load  W\ 
they  must  be  equal  and  opposite.  Therefore,  t tie  stress  in  an^ 
subvertical  is  tcnst&n;  the  maximum  stress  is  equal  i^  the 


§68 


STRESSES  IN  BRIDGE  TRUSSES 


75 


^ 
^ 


<»/«  dead  ttftd  a  /iz^  paUi'l  load;  the  minimum  stress  is  equal  to 
a  tkad  panti  load. 

11,     Stresses  In  the  Short  iJln^oimls  or  Substruts. 

The  stresses  in  the  short  diagonals  BcDc^Fe^  etc.  may  be 
found  by  considering  the  forces  acting  at  the  intermediate 
joints  B,D^F^  etc.  For  example,  for  the  stress  in  erZ?* 
Fig,  34  (rt),  the  joint  D  may  be  treated  as  a  free  body*  as 
shown  in  Fig.  34  ((/}.  .There  are  fuiir  forces  (S,,S^,S^, 
and  S,)  acting  on  joint  D\  Sn  is  required;  .S**  is  known; 
5,  and  S,  are  unknown,  and  are  not  required  at  the  pres' 
ent  liroe.  S,  may  be  resolved  at  the  point  e  in  its  line 
of  action  into  S^  and  Sm,  its  vertical  and  horizontal  com- 
ponents* respectively,-  If  the  points  is  taken  as  the  center 
of  moments,  the  moments  of  S,.  5,,  and  S.  will  all  be  zero. 

Then, 

1 ;?/  =  S,X  1p  -5,  X  /  ^  0; 
W 
2 
W 


whence 


^'        2 


and 


5,  =  5,  X  CSC  H 


CSC  //,  compression 


In  other  words,  the  vertical  component  of  the  stress  in  a 
short  diagonal  is  equal  to  one-half  the  panel  load  at  the  top 
and  at  the  foot  of  the  short  vertical.  Then,  (he  maximum 
t&fnprfssion  i?t  a  short  diagotml  is  equal  (o  one-hall  the  sum  of  a 
dead  and  a  live  pane!  had  multiplied  by  cse  H;  the  minimum 
compression  (except  in  e  F)  is  equal  to  one-half  of  a  dead  panel 
toad  multiplied  by  esc  H.  The  minimum  stress  in  f/'will  be 
discussed  later  in  connection  with  counter  eFG,  In  case 
part  of  the  dead  load  is  applied  at  the  point  />.  this  must  be 
added  to  the  panel  load  at  d  in  getting  th^  stress  in  €  D, 

78.  erreeses  In  the  nip  Verticals. — The  stress  in 
the  hip  vertical  Cc  may  be  found  by  considering  the  joint  c  as 
a  free  body  [Fig,  S4  {eV\.  The  forces  acting  at  f  are  f-F,  5'*,  ^„ 
Sm^Sm,  and  Si».     The  equation  iy=  I'S  sin  11=0  gives 

y  y^S.-  S.  %{n  N  -S,  sin  //  -  IV  =  0; 
whence 

.S,  =  S,  sin  //  -f  *S,  sin  //  +  IV^  tension 
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therefore,  S»  sin  //  and  St  sin  //  are  each  equal  to 


I 


S^  and  5,  are  the  stresses  in  the  short  diagonals  Be  ajid  c 

W_ 
2' 
W 
2 
It  is  thus  seen  that  the  maximum  iension  in  ike  hip  veriicai 
is  cqital  to  twice  the  sum  of  a  dtad  and  a  live  panel  load;  and 
thai  ike  minimum  tension  is  equal  to  twice  a  dead  panel  load* 

79*     StrcsBt'S  III  the  Main  Dlaj^oiiftJs.^The  stress  ii 

the  lower  half  of  a  main  diagonal  may  be  found  by  consid- 
ering; the  portion  of  the  structure  to  the  left  of  a  plane  cutting 
that  member  and  two  chord  members.  For  example,  for  the 
stress  in  De^  Fig.  'J4  {a),  the  truss  may  be  cut  by  a  plane  at 
the  section  q.  The  vertical  component  of  the  stress  in  the 
diagonal  is  equal  to  the  shear  on  the  section.  The  stress  in 
the  end  post  is  compression;  in  the  other  diagonals^  it  is  tension,^ 
The  maximum  stress  in  the  lower  half  of  a  main  diagonal  t<^| 
the  left  of  the  center  is  equal  to  the  maximum  positive  shear 
multiplied  by  esc  //;  the  minimum  stress  is  equal  to  the 
minimum  shear  multiplied  by  esc  H^  when  the  minimum  shear 
is  positive.  When  the  minimum  shear  is  negative,  a  counter  is 
required,  and  the  minimum  stress  in  the  main  diagonal  is  aero. 

The  stress  in  the  upper  half  of  a  main  diagonal  may  be 
found  by  considering  the  forces  acting  on  the  portion  of  the 
structure  to  the  left  of  a  plane  of  section  that  cuts  the  upper 
half  of  that  diagonal^  a  short  diagonal,  and  two  chord  mem- 
bers. For  example,  for  the  stress  in  E F,  Fig.  34  (a),  ihe 
portion  of  the  truss  to  the  left  of  section  t  may  be  considerec 
[see  Fig.34(/)].     The  equation  2*  Y  ^  2:  S  sin  H  ^  0  giv* 

IY=^  R.-AIV-  5,.  sin  H  -  5u  sin  ^  -  0; 
whence 

Sxt  sin  H  =  shear  on  section  r  —  Sit  sin  // 

S,,  is  the  stress  in  the  short  diagonal  eF,  and  is  equal  to* 
one-half  the  panel  load  at  /  multiplied  by  esc  //.    Then, 

i,.  sin  ^  ==  -^ 
Sn  —  (shear  on  section  r  — 


and 


X  CSC  II 
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component  oi  tne  stress  in  tic.     ri  ne  loaa  at 
^ft  vertical  component  of  the  stress  in  BChy  H 
^^   =  -f^  IV),    The  mininiuin  stress  obtains  when 


In  other  words,  M^  stn'ss  in  i/it^  upper  half  of  a  ntafn  diagonal 
is  equal  to  the  aigibmk  sum  of  the  shear  in  Ike  panel  in  which 
the  member  is  located  and  the  vertical  compo7tent  af  the  stress  in 
the  short  diag07ial^  mnliiplied  by  esc  H. 

The  maximum  stress  in  B  C  obtains  when  the  truss  is  fully 
loaJed,  and  is  compression;  the  vertical  component  of  the 
stress  is  equal  to  the  shear  in  the  pane]  be  plus  the  vertical 
component  of  the  stress  in  Be.     (The  load  at^  increases  the 

■  W-W-^-^  W 
there  is  no  live 
load  on  the  truss. 

The  maximum  stress  in  CD  is  tension,  and  obtains  when 
all  the  joints  from  d\Q  b^  are  loaded  with  a  live  load.  (The 
load  at  d  increases  the  vertical  component  of  the  stress  in  CD 
by  A  W  —  -nr  W  —  A  \V.)  The  minimum  stress  obtains 
when  joints  b  and  c  are  loaded  with  Hve  load. 

The  maximum  stress  in  E F\^  leiibion»  and  obtains  when  all 
the  joints  from  f  io  M  are  loaded  with  live  load.  (The  load 
at  /  increases  the  vertical  component  of  the  stress  in  £ F  by 
tV  IV—  1^  ^i^  =  tV  IV.)  The  minimum  stress  obtains  when 
all  the  joints  from  ^  to  f  are  loaded  with  live  load. 

If  the  minimuin  combined  shear  in  panels* /"is  positive  and 
greater  than  a  dead  panel  load,  the  shear  in  panel  fg  will  also 
be  positive>  and  the  main  diagonal  gFE  will  be  in  action. 
The  stress  in  EF\^  then  equal  to  the  shear  in  panel  ef  minus 
one-half  of  the  dead  load  at  fy  multiplied  by  esc  H.  If  the 
minimum  shear  in  the  panel  ^/  is  negative,  or  positive  and 
less  than  the  dead  load  al  /,  the  shear  in  the  panel  fg  for  the 
same  loading  will  be  negative,  and  the  member  FG  will  be 
in  action  as  a  counter.  Under  this  condition,  the  stress  in 
the  lower  half  of  the  main  dia^'onal  gF  will  be  aero,  and  the 
members  that  are  in  action  at  joint  F  will  be  those  shown  in 
FifiT-  34  ig).  It  will  be  seen  that  the  stress  in  EF  is  thus 
equal  to  one-half  the  dead  load  at  F  multiplied  by  esc  H\  this 
is  the  minimum  stress  in  £F^  and  is  tension. 


80.     Stresses  In  the  Cotiiiters. — The  stress  in  cF  is  a 

mininaum  (maximum  tension)   when  the  live  load  extends 


78 


STRESSES  IN  BRIDGE  TRUSSES 


from  b  to  e.  If  the  combined  shear  in  the  panel  €f  is  then 
negative,  the  stress  in  eF  \^  tension  and  equal  to  the  shear 
plu.s  one-half  the  dead  load  at  /,  multiplied  by  esc  //.  If  the 
combined  shear  in  panel  if  is  then  posiiivc  and  less  than  one- 
half  the  dead  load  at  /,  the  stress  in  f/^  is  tension  and  equal 
to  the  difference  between  one-half  the  dead  load  at  /  and  the 
shear  in  the  panel  «'/,  mnUipHed  by  esc  //.  if  the  shear  in 
panel  f  /  is  positive  and  greater  than  one-half,  but  less  than 
a  full,  panel  dead  load  at  /".  the  stress  in  cF  is  compression 
and  egual  to  the  shear  in  the  panel  <■/  minus  one-half  the 
dead  load  at  /,  multiplied  by  esc  H. 

The  maximtini  t'ensinn  in  FC  is  equal  to  the  maximum 
negative  shear  in  the  panel  fg  multiplietl  by  cso  //,  and 
obtains  when  the  live  load  extends  from  b  to  /.  The 
minimum  stress  is  zero. 

81.  stresses  In  the  Verticals.— The  maximum  stress 
in  G,i^  is  compression,  and  is  equal  to  the  vertical  component 
of  (he  maximum  stress  in  FG  plus  the  dead  load  at  G,  if 
any;  the  minimum  stress  ts  aero,  and  obtains  when  the 
counters  FG  aud  I'"^^  G  are  out  of  action.  The  maximum 
stress  in  Ee  is  compre.^sion,  and  is  equal  to  the  vertical  com- 
ponent of  the  maximum  stress  in  E F\  the  minimum  stress  is 
equal  to  the  vertical  component  of  the  minimum  stress  in  E F* 

83,  Modified  Haiti inori-  Triisjs, — Fi^,  35  shows  a 
modified  form  of  the  Baltimore  truss,   in  which  the  short 


■/ 

\{y 

v/ 

\s^ 

\/ 

\ 

/\ 

\ 

\ 

y  \ 

/ 

/\ 

%          b          t 

f 

< 

J 

* 

r        /' 

PtG.  H5 

diasfonals  (exceptor)  are  attached  to  the  upper-chord  joints^ 
and  are  tension  members.  The  general  method  of  analysis 
is  the  same  as  for  the  truss  already  treated. 

83*     J>eek  Truss. — When   used   in    a    deck  bridge,   the 
Baltimore    truss    may  be   supported  as   shown   in   Fig.   38, 
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In  this  form,  the  subverticals-^^,  t/Z?,  etc.  are  compression 
members,  and  the  short  diagonals  BcyDe,  etc.  are  tension 
members.  The  general  method  of  analysis  is  the  same  as 
for  the  through  truss. 

.'    84.     Distribution  of  Dead  Load. 

If  the  dead  load  is  assumed  to  be 
divided  between  the  loaded  and  un- 
loaded chords,  two-thirds  of  a  dead 
panel  load  may  be  taken  at  the  joints 
of  the  loaded  chord  (b.Cyd,  etc.),  one- 
third  at  the  joints  of  the  unloaded 
chord  (CyE,  etc.),  and  one-third  at  the 
intermediate  joints  ( B,  /?,  etc. ) ,  although 
the  latter  are  not  on  the  unloaded  chord. 
In  the  preceding  discussion,  it  was  as- 
sumed for  convenience  in  explanation 
that  all  the  dead  load  was  applied  at  the 
joints  of  the  loaded  chord.  The  actual 
stresses  in  the  verticals  will  be  slightly 
different  if  the  dead  load  is  distributed 
among  the  several  joints;  the  stresses 
in  the  other  members  will  remain  the 
same. 


Example. — Let  Fig.  36  be  a  fourteen-panel 
deck  Baltimore  truss  having  a  span  length  of 
210  feet  and  a  height  of  m  feet.  If  the  dead 
load  is  1,200  pounds,  two-thirds  of  which  is 
applied  at  the  loaded  chord,  and  the  live  load 
is  2,400  pounds  per  linear  foot,  what  are  the 
iDaximum  and  minimum  stresses  in  all  the 
members? 


and   Reactions. 


Solution.—  Panel   Loads 
The  dead  panel  load  is 


1  *>00 

-  y^  X  15  =  9,000  lb. 

of  which  6.000  lb.  is  applied  at  each  of  the  joints  *,  r,  d,  etc.;  3,000  IL. 
at  B,  D,  F,  etc.;  and  3,000  lb.  at  C,  E,  G,  etc.  The  dead-load  reaction 
is  equal  to 


9,000  X  13 


=  58,500  lb. 
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The  Kve  panel  load  is  equal  to 

^^  X  15  =  18,000  lb. 

and  the  reactions  for  a  fully  loaded  truss  are  each 

i?^2>^  =  117.000  lb. 

Chord  Stresses.— hsi  the  loads  of  6,000  lb.  at  d,  c,  rf,  etc,  are  ver- 
tically over  the  loads  of  3,000  lb.  at  B,  C,D^  etc.,  the  moment  of 
6,000  lb.  at  an  upper  joint,  plus  the  moment  of  3,000  lb.  at  a  lower 
joint,  about  any  point  will  be  the  same  as  the  moment  of  9,000  lb. 
about  the  same  point.  The  minimum  stresses  in  the  chords  are  the 
dead-load  stresses;  they  are  as  follows: 

Member  Dead-Load  Stress,  in  Pounds 

ab.bc 58,500X15^ 

lo 

cd,de [58.500x4-9^(3  +  2)]Xj5  ^  ^    ^^^ 

eU, [5g,ggg Jll^g.000(5  +  4  +  3  +2)]_Xj5  ^  ^^^^^ 

[58,500  X  8  -  9.000  (7  +  6  -h  5  +  4  H-  3  +  2)]  X  16  ^  _^  ^^^  ^^ 

^  „                                           (58.500  X  2  -  9.000X1)  X  15  . .  _^ 

C  zi —       -         —  -     .j^ =    —     tH.lHJU 

EG [^«:'«»XA-«.0^(3  +  2+n]Xl5^  _    ^^ 

ac    .  .  .f^'^x«-".««'(5  +  4  +  3  +  :^+n]xi5^  _,^,^ 

As  the  total  panel  load  is  equal  to  18,000  lb.  live  load  plus  9.000  lb. 
dead  load,  or  27, (KX)  lb.,  the  maximum  chord  stresses  are  equal  to  the 

dead-load  stresses  multiplied  by  ~  '       ,  or  3.     They  are  as  follows: 

Member  Maximum  Stress,  in  Pounds 

ab,bc  +    58.5()0  x  3  =  +  175,500 

cd.de  +    i4.5(»0  X  3  =  +  28.3,500 

ef.  fg  +  n2.5(X)  X  3  =  +  .•137,500 

gh  +  11 2. 5(H)  X  3  =  +  ;«7,.5()0 

CE  -    54.000  X  3  =   -  162,000 

EG  -    90.000  X  3  =  -  2v0,000 

GO  -  108,000  X  3  =  -  324,000 
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IVed  Stresses.— The  dead-load 
shears  in  the  various  panels  are 
as  given  in  the  following  table: 


Panel 

Dead-Load 
Shear 

Panel 

Dead-Load 
Shear 

Pounds 

Pounds 

a6 

+  58,500 

ef 

+  22,500 

be 

+  49,500 

fg 

+  13.500 

cd 

+  40,500 

gh 

+    4.500 

de 

+  31.500 

The  maximum  positive  and 
negative  live-load  shears  are  as 
follows: 


Panel 

Positive 

Live-Load 

Shear 

Negative 

Live- Load 

Shear 

Pounds 

Pounds 

ab 

+117,000 

be 

+  100,300 

-     1,300 

,ed 

+     84.900 

-    3.900 

de 

+     70.700 

-     7,700 

ef 

+     57.900 

-  12,900 

fg 

+    46,300 

-  19,300 

gh  . 

+     36,000 

-27,000 

The  maximum   and  minimum 
combined  shears  are  as  follows: 


Combined  Shear 

Panel 

Maximum 

Minimum 

ab 

+  175.500 

+  58.500 

be 

+  149,800 

+  48,200 

ed 

+  125,400 

+  36,600 

de 

+  102,200 

+  23.800 

ef 

+    80,400 

+     9,600 

fg 

+     59,800 

-     5,800 

gh 

+    40,500 

-  22,500 
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Vsb'  +  30' 

From  the  figure,  esc// =  — ^n"^  ~  1.414.     The  maximum  stress 

in*^,rfZ).  etc.  is  18,000 +  6,000  =  24,0001b.,  compreasion.     Themini- 

mum  stress  in  b  By  dB^  etc.  is  6,000  lb.,  compression.     The  maximum 

stress  in  BCy  De,  and  Fg  is 

/IS.OOO  +  6.000  +  3.000\       .    ...        ,0  inn  ik     *       • 
I  —  „_  .    ---^  j  X  1.414  =  19,100  lb.,  tension 

The  minimum  stress  in  B c^  De,  and  Fg  is 

(«^-^^)x  1.414  =  6,400  lb.,  tension 

The  maximum  and  minimum  stresses  (tension)  in  a  By  cD,  e  Fy 
and  gH  are   as   folows; 
Member  Stress,  in  Pounds 

Maximum  Minimum 

aB  175,500  X  1.414  =  248.200  58,500  X  1.414  =  82,700 

cD         125,400  X  1.414  =  177,300  36,600  X  1.414  =  51,800 

eF  80,400  X  1.414  =  113,700  9,600  X  1.414  =  13,600 

gH  40.500  X  1.414  =    57,300  4,500  X  1.414  =    6,400 

The  maximum  and  minimum  stresses  (tension)  in  B C.  DE,  FG, 
and  G  H  are  as  follows: 

Member  Maximum  Stress,  in  Pounds 

B  C  (175,500  -  27,000  +  l^.-WO)  X  1.414  =  229.100 

DE  (125,400  -  27.000  +  13.500)  X  1.414  =  158,200 

FG  (80.400  -  27,000  +  13,500)  X  1.414  =    94,600 

GH  (22,500+    4..500)  X  1.414  =    38,200 

Member  Minimum  Stress,  ix  Pounds 

B  C  (.58,.'S00  -  9,000  +  4,500)  X  1.414  =  76,400 

DE        {m,m)  ~  9.000  +  4,r>(»o)  x  1.414  =  45.400 

FG  (9.600  -  9,000  +  4,.M)0)  X  1.414  =     7,200 

GH  0 

The  maximum   and  minimum   stresses   (compression)  in  Cc,  Ee, 
and    (i  g   are    as    follows: 
Member  Stress,  in  Pouni>s 

M.vxiMTM  Minimum 

Cc      162,000  -  3.000  =   |.-)9.000  54.0(K)  -  3,000  =  51.000 

Ee      lll.lKH)  -  3.<KH)  =   KKS.'.KK)  .32.100  -  3.000  =  29,100 

Gg        Ofi.iKXl  -  3.<KM)  -     (i:i.!K)0        4.r>00  +  6.(XKI  +  4,.500  =  15.000 
The   maximum   and   mininuun    stresses   are   given   in   Fig.  37,    the 
former  above  and  the  latter  below  the  lines. 


KXAMPI.K     FOU    PRACTICE 

Let  Fig.  34  fa)  be  a  twelve-panel  through  Haltiraore  truss  having 
a  span  length  <»f  216  feet  and  a  height  of  36  feet.  If  the  dead  load  is 
1,1*00  pounds,  of  which  two-thirds  is  applied  at   the  loaded  chord,  and 
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re  live  load  Ts  2,200  pounds,  per  linear  Mot  of  bridge,  find  the  maxi- 

iTiiim  and  mtiiiraum  combined  stresses:   (a)  in  C E,  cd,  and  fg',  {b)  in 

,^rf  and  Be,   {c)  in  B C,  CD,  and  E  Fi  {d)  in  e  f\  Eg,  ami  6'jr. 

_,  Stress^  is  Poinds 

Panel 

{CE 
WUd 
\fK 


Maximtm 

Minimum 

+  L>44XH> 

+  Wi,4tJ0 

-^  H»H.:l(N> 

-  nfl.4Ul 

-  2m,  \m 

-  HI  ,W)|) 

-     L'7.(XM 

-    7.2tN) 

+    21,*HH) 

+    T.iKKI 

-fi'm.:^iM) 

-f  7H.4<H) 

-  i:w.8tx> 

-as. 800 

-   fw;,H)u 

"   7.<in(i 

+      7.«0(> 

-     S.KKI 

+    50,H(I0 

+    IMXK) 

+  38.aoo 

+    3,0U0 

THE  FINK  ANn  THE  BOLLMAN  TBU88 

85.  Fig.  38  shows  the  Fiuk  trusis,  which  has  been  used 
to  some  extent  for  bridge  purposes  in  the  past,  and  is  at 
present  employed  in  a  modified  form  for  roof  trusses.  The 
analysis  of  stresses  in  it  should  present  no  difficulty;  the 
method  of  joints  is  best  adapted  to  this  case.  The  stress  in 
each  short  vertical  is  evidentlv  equal  to  the  panel  load  at  its 
upper  joint.     The  vertical  component  of  the  stress  in  a  short 


» 


diagonal,  such  as  Cd,  is  equal  to  one-hatf  the  sum  of  the 
loads  at  the  joints  D  and  d.  The  stress  in  the  vertical  Cc  is 
equal  to  the  sum  of  the  vertical  components  -of  the  stresses 
in  bC  and  Cd^  and  the  load  at  C\  etc,  The  maximitm  chord 
stresses  obtain  when  there  is  a  full  load;  under  this  condition 
the  horizontal  components  in  tC,  d E,  and  d^ O  are  equal, 
respectively,  to  those  in  Cd, /C(f,  and  C  b\  and  the  com- 
pression in  the  lop  chord  is  constant  from  ^4  to  A'  and  equal 
to  the  horizontal  component  of  the  stress  in  .  /  ^. 
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86.  The  BoIlTiian  truss,  shown  in  Fig.  39  (a),  has 
been  used  to  some  extent  for  bridge  purposes  in  the  past, 
but  is  now  practically  obsolete.  The  load  that  came  on  the 
lower  joint  of  a  vertical  was  carried  directly  to  the  ends  of 
the  top  chord  by  the  two  diagonals,  shown  in  full  lines,  that 
meet  at  the  bottom  of  the  vertical*     The  bottom  chord  and 


I 


the  dotted  diasfonah  are  superfluous  members,  and  were  put 
in  to  stiffen  the  truss.  As  shown  in  Fig.  39  (6),  the  vertical 
components  of  the  stresses  in  the  main  diagonals  are  equal. 
respectively,  to  the  reactions  due  to  the  load  that  comes  to 
the  intersection  of  any  pair.  The  stress  in  the  top  chord 
is  compression,  and  is  equal  to  the  sum  of  the  horizontal 
components  of  the  stresses  in  all  the  main  diagonals  at  one] 
end  of  the  truss. 


PRESSES  IN  BRIDGE  TRUSSES 

(PART  3) 


CURVED-  AND  INCLINED-CHORD 
TRUSSES 


PKODUCTORY  AND  GK>ERAL  CONSIDERATIONS 

m  Description,^ — All  the  trusses  analyzed  in  Stresses  in 
i^  Trusses,  Part  2,  have  pBrallel  chords.  As  explained 
Vt  1.  parallel -chord  trusses  are  used  for  the  shorter  spans 
fhich  trusses  are  adapted;  for  the  longer  spans,  curved- 
llclined-chord  trusses  are  more  economicak  lu  a  curved- 
td  truss,  the  inclination  of  the  curved  chord  changes  at 
|cy.  panel  point;  in  an  inclined-chord  truss,  the  inclina- 
is  constant  from  the  center  toward  the  end.  In  through 
ges,  the  upper  chord  is  curved  or  inclined;  while  in  deck 
ges,  the  lower,  and  in  some  bridges,  both  chords,  are 
fed  or  inclined,  A  length  of  one  or  two  panels  of 
xurved  chord  near  the  center  of  the  truss  is  sometimes 
^ntah 

L  Stresses  in  lncllne<l  Mc^mbers. — In  calculating  the 
JBS  in  an  inclined  member,  it  is  convenient  to  find  first 
vertical  or  horizontal  component,  and  calculate  the  stress 
p  it.  The  problem  frequently  arises,  therefore,  of  calcu- 
Jg  a  stress  from  one  of  its  components^  or  one  component 
II  the  other;  for  this  reason,  the  relations  between  a 
p$  and  its  components,  and  between  the  components  are 
kted.     They  are: 


fk^  hjf  Imiernaiwrnii  T^lbook  Company. 
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5  =  A'  sec  N;  S  =  F esc  H\  X  =  Kcot  H;  Y  =  A' tan  H 
in  which  5  =  stress; 

H  =  angle  that  line  of  action  of  stress  makes  with 

horizontal; 
X  =  horizontal  component  of  stress; 
Y  =  vertical  component  of  stress. 
The  method  of  sections  and  the  method  by  the  stress 
diagram  are  most  useful  in  finding  the  stresses  in  inclined- 
chord  trusses,  and  they  will  be  uged  in  what  follows.     The 
method  of  joints  usually  requires  more  work  than  either 
of  the  other  two  methods,  and  will  not  be  used  except  in 
special  cases. 

3.  Illustrative  Example. — To  illustrate  the  general 
method  of  calculating  stresses,  it  will  be  well  to  consider  a 
special  case,  such  as  the  single-system  curved-chord  truss 
represented  in  Fig.  1  (a).     If  it  is  desired  to  find  the  stress 


in  the  members  aS,  ad,  and  cd,  the  truss  may  be  considered 
cut  by  the  plane  of  section  /></,  and  the  part  to  the  left  of 
this  section  treated  as  a  free  body.  Then  the  stress  in  the 
lower-chord  member  cd  is  equal  to  the  moment  about  a  of 
all  the  other  forces  acting  on  the  part  of  the  truss  to  the 
left  oi  p(]  divided  by  the  hcisjht  of  the  truss  at  the  point  a. 
The  stress  in  the   upper-chord   member  ab  is  equal  to  the 
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bending  tnivment  at  d  divided  by  Ihe  perpendicular  distance 
from  d  to  (I  b\  m  this  case»  it  is  more  convenient  lo  con- 
sider the  stress  m  ab  resolved  into  its  vertical  and  hori- 
zontal components  5,  and  S^  at  ihe  point  ^.  as  represented 
in  Fig.  1  {b).  The  moment  of  Sj  about  d  is  equal  to  zero; 
then,  S^  is  equal  to  the  bending  moment  at  the  point  d 
<iivided  by  the  height  of  the  truss  at  the  point  d,  and  S  is 
eQ\ial  to  5,  sec  //. 

The  stress  in  the  web  member  a  d  may  be  found  by  the 
method  of  shears  or  by  the  method  of   moments.     As  the 
chord    member   ei*   is   inclined,   the  vertical   component  of 
the  stress  in  ad  is  not  equal  to  the  shear  on  section  pq^  but  is 
equal  to  the  algebraic  sum  of  the  shear  aud  the  vertical  com- 
ponent of  the  stress  in  a  b  due  to  the  same  loading.     To  find 
the  stress  in  ad  by  the  methtid  of  moments,  it  is  convenient 
^lo  consider  it  resolved  at  the  point  d  into  its  vertical  and 
^Bori£onta1  components  SJ  and  S,\  respectively,  as  repre- 
^Bented  in  Fig*  1  (c).     Then,  if  muments  are  taken  about  the 
^Boint  ^,  the  intersection  of  a  A  and  cd^  the  moment  of  SJ 
^BtxfUt  e  is  equal  to  zero;  SJ  is  equal  to  the  moment  about  e 
of  all   the  other  forces   acting  on   the  part  of  the   truss  to 
the  left  of  section  ^q,  divided  by  the  distance  from  d  to  e\ 
and  5'  is  equal  to  SJ  esc  H'. 


THE  CUKVED-CnORD  TRUB8 

llescrlptlnn.  —  Fig.  2  {a)  represents  the  ordinary 
type  of  curvcd'Chord  truss  as  used  in  a  through  bridge. 
The  members  are  similar  to  the  corresponding  members  of 
the  Ptatt  truss,  except  that  in  this  case  the  upper  chord  is 
urved.  This  truss  is  sometimes  spoken  of  as  the  curved- 
ortl  Pr-utl  lrufe.6*  The  .method  of  determining  the 
stresses  will  be  illustrated  by  considering  the  eight-panel 
curved-chord  truss  represented  in  Fig,  2  (tf).  The  dead 
load,  all  of  which  will  be  assumed  to  be  applied  at  the  joints 
iif  the  loaded  chord,  is  80<)  pounds,  and  the  live  load  1.800 
ounds  per  linear  foot  of  bridge.  The  lengths  of  all  the 
lined  members  are  shown  in  Fig.  2  (A). 


gL' 


, 

'^ 

1 
1 
\ 

•4*- 

^-''n, 

** 

.^  K 

§69 


STRESSES  IN  BRIDGE  TRUSSES 


I 


The  dead  panel  load  for  one  truss  is 
800  X  17.5 


=  7,000  pounds, 


=  24,.500  pounds 


and  each  dead-load  reaction  is  equal  to 
7.000x7 
2 
The  live  panel  load  for  one  truss  is 
1,800  X  17^5 


2 


=  15  J50  pounds, 


id  each  reaction  for  full  live  load  is  equal  to 
1S;Mx7  =  55,120  pounds 


ANALYTIC    METHOD 

Cbopd  Stresses. — The  maximum  chord  stresses 
obtain  when  there  is  a  full  live  load  on  the  truss;  the  mini- 
mum, when  there  is  no  live  load.  To  find  the  stress  in  any 
chord  member,  such  as  CD  or  rrf,  Fig.  2  {a),  the  truss 
may  be  considered  cut  by  a  plane  at  the  section  p^  and  the 
left-hand  part  treated  as  a  free  body,  as  represented  in 
Fig.  2(r);  the  forces  5,,  5,,  5".  represent  the  stresses  in 
C D^  Cd^  and  cd^  respectively.  Then,  6\  is  equal  to  the 
moment  about  the  point  C  of  all  the  other  forces  acting  on 
this  part  of  the  truss,  divided  by  the  height  at  c.  There- 
iore,  for  dead  load  alone, 


S,  = 


(24,500  X  2- 7,000  X  l)x  17.5 
22 


=  —33,400  pounds,   / 


^Blsing  the  minus  sign  to  indicate  tension. 
^P    The  force  ^5^1  may  be  considered  replaced  by  its  compo- 
nents Sy  and  Sx  at  D,  Fig.  2  {d).     The  moment  of  S^  about  d 
is  equal  to  zero;   S,  is   equal   to  the  bending  moment  at  d 
divided  by  the  height  at  d.     Therefore,  for  dead  load  alone, 
5,  =  [24.600X3 -7.000  (2  +  1)]  X  17.6  ^  ^^.^^  ^^^^^^ 
24 
For  CD,  the  angle  H,  ^  D  CK.  Fig.  2  (i),  and 

5.  -  5,  sec  Z?  C  A'  =  5,  X  ^  =  38.300  X  ^^^ 

CK  17.5 

=  +  38,500  pounds 


6       STRESSES  TN  BRIDGE  TRUSSES     § 

In  like  manner,  the  stress  in  any  chord  member  may  be 
found. 

If  the  truss  is  considered  cut  by  an  oblique  plane  that 
intersects  two  chord  members  and  a  vertical,  and  the  part 
to  the  left  of  the  section  is  considered  as  a  free  body,  as 
represented  in  Fig.  2  (e) ,  it  will  be  seen  that  the  only  hori- 
zontal forces  acting  on  this  part  are  the  stress  in  cd  and 
the  horizontal  component  of  the  stress  in  B  C,  Therefore, 
these  two  forces  are  numerically  equal.  In  like  manner,  it 
may  be  shown  that  the  stress  in  de  is  numerically  equal  to 
the  horizontal  component  of  the  stress  in  CD. 

The  dead-load  chord  stresses  are  the  minimum  chord 
stresses.     They  are  as  follows,  expressed  in  pounds: 

Stress  in  a  ^  and  bc^ 

(24.500  X  1)X  17.5  ^  _  23  800  / 

18 
Stress  in  cd^ 

(24,500  X  2  -  7,000  X  1)  X  17.5  ^  „  33  400    ^ 

Stress  in  de, 

[24,500x  3  -  7,000  X  (2+  1)]  X  17.5  ^   _  33  30O  v 
24 
Stress  in  S  C 


Stress  in  CD, 


33,400  X  ^^-i^f  =  -f  34,300 
17.5 


38,300  X  ^i^^  =  +  38.500  . 
1/.5 


Stress  in  D /t, 

[24,500  X  4  -  7,000  x  (3  +  2  +  1 )]  X  17.5  ^  17.53       ^  00  onn 
25  ~  X ---^- =+ 39.300 

The  live-load  chord  stresses  are  found  from  the  above  by 
multiplying  them  by  '/A",  or  1.     They  are  as  follows: 

^^™  x^TS>s  M—  J7^^^i>s 

ab.bc  -  53,600                        BC  -f  77,200 

'      cd  -  75.200                        CD  -f  86,600 

de  -86,200                        DE  H- 88,400 
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BC 
CD 
DE 


Ma  XI  Ml  M 

Strbss  , 
in  povnds 

+  111.500 

+  125  JCX) 

+  127,700 


The   rnaxiniuni   chord  stresses   are   found   by   adding   the 
dead-  and  live-load  chord  stresses.     They  are  as  follows: 

I  Maximum 

Membsr  Stkes^, 

IN  Pounijs 
ab.bc  -    77.400 

cd  -  108,600 

d€  -  124.500 

6.  Web  Stresses  In  CSeneral. — The  web  stresses  may 
he  found  by  the  method  of  shears  or  by  the  method  o£ 
moments.  Both  methods  will  be  explained;  but,  for  the 
actual  determination  of  stresses,  the  shorter  method  will  be 

•used  ID  each  ca^e, 
I    MHhod  of  Sitears. — Applying  the  equation  Ji'  V  =  S  S  sin 
ff  =  0  to  the  forces  acting  on  the  part  of  the  truss  repre- 
sented in  Fig.  2  {<),  \vc  have 

y  y  ^  A\'  -  IV  -  IV  -  S,  sin  //.  -  S.  sin  N,  =  0; 
hence 

5.  sin  //,  ^  y?/  -  f  r'  -  JV  -  S,  sin  //.  ( 1 ) 

Likewise,  applying  the  same  equation  to  the  part  shown 
Fig.  2  U). 

y  y  =   A-/  -  IV  -  W  -  S.  sin  H.-S^  =  0; 
whence 

S.  =  ^/  -  W  -  \i''  -  S,  sin  H,  (2) 

In  equations  (1)  and  (2),  R'  —  W*  —  W*  is  the  shear  on 

section  p  and  on  section  q;  .9,  sin  M  and  S,  sin  H^  are  the 

vertical  components  of  the  stresses  in  CD  and  B  C,  respecl- 

Ifvely;  S^  sin  H^  is  the  vertical  component  of  the  stress  in 

the  diagonal   C d\   and  S,>  is  the   stress  in  the   vertical  Cc. 

Then,  the  vertical  component  of  (he  s/rrss  in  any  tntet mediate 

iagotmlt  and  the  stress  in  any  intermediate  vertical,  of  a  curvtd- 

kord  tntss  is  equat  to  the  algebraic  sutn  of  tlte  skear  on  th£ 

la  tit  of  sect  ioH  thai  iftteruxts  the  web  member  under  cotisidcrat  ion 

and  two  efiord  members^  and  the  vertical  component  of  the  stress 

in  the  imtincd  chotd  member  intersected  by  the  plane.     The 

chord  stress  referred  to  is  that  which  obtains  for  the  same 

loadini^  that  causes  the  desired  web  stress. 


T 
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Method  of  MomiTttis. — To  find  Ihe  stress  in  Cd  by  the 
method  of  moments,  the  equation  ^M  ^  0  is  applied  to 
the  forces  acting  on  the  part  of  the  truss  represented  in 
Fig.  2  (^),  taking  for  the  center  of  moments  the  point 
of  intersection  f\  of  the  lines  of  action  of  S^  and  S^.  The 
work  may  be  shortened  by  assuming  that  5.  is  replaced  at  the 
point  d  b>'  its  vertical  and  horizontal  components  Sy  and  S,, 
respectively,  as  represented  in  Ftg.  2  (/).  The  moments  of 
iS,,  ^S",,  and  Sm  about  /,  are  each  equal  to  zero?  then,  S^  is 
equal  to  the  moment  about  /,  of  all  the  external  forces  act- 
ing on  the  part  shown,  divided  by  the  distance  from  d  to  /,, 
This  distance  is  calculated  as  follows:  CD  slopes  2  feet 
vertical  in  one  panel,  or  in  VlSi  feet  horizontal;  then,  since 
the  height  of  the  tniss  at  D  is  24  feet,  the  point  of  inter- 
section of  the  lines  of  action  of  S^  and  S-,  is  24  ^  2 
=  12  panel  lengths  to  the  left  of  Dd.  Then,  /,  is  U 
X  11^^  feet  to  the  left  of  f,  10  X  17.5  feet  to  the  left  of  b, 
and  9  X  17,5  feet  to  the  left  of  a,  Applying  the  equation 
X  M  —  0,  we  have 


1:m  =  (i^/  X  9  -  IV  X  10  -  ^f^'  X  U)  X  17*5 
-  5^  X  12  X  17.5  =  0; 


whence 


S,= 


(y?/X9-r^X  10-  H^X  H)X  17.5 
12X17.5 

^  ^/X9-H^^X  (10+11) 
12 


and  St  —  Sy  esc  //,. 

To  find  the  stress  in  Cc  by  the  method  of  moments,  th" 
equation  -J/  —  0  is  applied  lo  all  the  forces  acting  on  the 
part  of  the  truss  represented  in  Fig.  2  M,  the  center  of 
moments  being  taken  at  /,,  the  intersection  of  B  C  and  cd 
produced;  f,  is  found  to  be  3.5  x  17.5  feet  to  the  left  of  a. 
Applying  the  equation  I'Af  =  0,  we  have 

I'M  =  (/?/  X  3,5  -  H^/  X  4.5  -  IV/  X  6.5)  X  17.5 
-5.  X5,5X  17.5  =  0; 
J?/  X  3.5  -  (iV  (4.5 +  5.5) 
6.5 


whence 


S,  = 


^£ 
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From  tlie  foregoing^,  the  following  general  principle  may 
be  slated: 

The  vertical  contp&nent  of  tkt  stress  in  an  intermediate  diag- 
onal, or  the  stress  in  an  intermediate  vertical  of  a  cnrxted-chord 
truss  is  equal  to  the  momtut  of  tfie  external  (ones  on  tks  left  of 
the  plane  0/  section  that  cuts  the  web  member  and  tWQ  chord 
members^  about  tfte  point  of  inloseeiion  of  the  e/tord  members  cut 
by  l/tt'  p/arie,  divided  by  ike  distance  from  this  intersection  to 
that  of  the  web  member  under  consideration  with  the  horizontal 
chord. 


7.  The  method  of  moments  is  especially  useful  in  the 
calculation  of  the  maximutn  live-load  stresses,  as  the  left 
reaction  is  then  usually  the  only  external  force  lo  the  left  of 
the  section.  The  method  of  shears  is  best  suited  to  the 
calculation  of  the  dead-load  stresses,  as  the  horizontal  com- 
pDuents  of  the  chord  stresses  are  usually  known  before  the 
stresses  in  the  web  members  are  found,  and  the  vertical 
components  may  be  found  from  them. 


■8.     Dea4l-Lo«d    Web    stresses, — The    dead-load    web 
stresses   will    be    found    by   the    method    of    shears.     The 


members  in  action,  and  the  loads  and  reactions,  are  shown 
in  Fig.  3.     The  shears  are  as  follows: 


ab 


IN  PnuNfts 

+  24.500 
+  17,500 


Pawel 

€d 
de 
fit 


Shsar, 
rN  Pounds 

+  10..500 
+  3,500 
-    3,500 
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The  vertical  components  of  the  chord  stresses  are  foum-: 

from  the  horizontal  components  given  in  Art.  5.     They  a- a 

as  follows: 

Vertical  Comi'onen't  of 
Member  Stress,  in  Pounds 

BC  33,400  X    5--  =  7,600 

1  i  .O 

CD  38,300  X    I-  =  4,400 

1/.5 

DE  39,200  X  -;^  =  2,200 

17.6 

Then,  the  vertical  components  of  the  stresses  in  the  main 
diagonals  are  as  follows: 

»ff«.„,««  Vertical  Component, 

Member  ^^  p^^^.^^^ 

aB  24,500 

Be  17,500  -  7,600  =  9,900 

Cd  10,500  -  4,400  =  6,100 

De  3.500-2,200  =  1,300 

The  actual  stresses  in  the  main  diagonals  are,  therefore: 
Member  Stre.ss,  in  Pounds 

a  B  24,500  X  -—-  =   +  34,200 

18 

Be  9,900  X  -''*"^^  =  -  13.800 

Cd  6.100  X  ^'"1;)-  =  -    7,800 

De  1,300  X^'*-J^~  =   -    1,600 

24 

The  stresses  in  the  verticals  are  as  follows: 

Member  Stress,  in  I'ounds 

Bb  W  =   -7,000 

Cc  10,500  -  7.600  -  +  2,900 

Dd  3,500  -  4,400  =   -     900 

Ee  2,200  +  2.200  =   -  4.400 

The  stress  in  Dd  is  tension,  because  the  vertical  compo- 
nent of  the   stress   in   CD.   which   acts   downwards  on   the 
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3art  of  the  truss  to  the  left  of  section  ?%  Fig.  3,  is  greater 
:han  the  shear  on  section  n  therefore,  the  stress  in  Z?*/must 
met  upwards  from  the  joint  //»  and  is  tension.  The  stress  in 
^t  is  equal  to  (he  sum  of  the  vertical  components  of  the 
stresses  in  /J  A"' and  Ely,  both  of  which  act  upwards  at  the 
joint  TT;  therefore,  the  stress  in  /le  must  act  downwards 
rrom  ^,  and  is  tension. 

O.  Counters. — When  the  counter  d£  is  in  action*  the 
members  thai  are  in  action  are  shown  in  Fig.  4;  the  main 
diagonal  Dc  is  omitted  from  the  diagram,  as  its  stress  is 
then  zero.  For  purposes  that  will  be  explained  later,  it  will 
be  convenient  here  to  find  the  dead-load  stresses  that  would 
occur  in  the  counter  d£  and  the  verticals  Dd  and  £e^  it  the 
main  diagonal  Dtr  were  omitted  when  there  is  no  live  load 


on  the  truss.  The  vertical  component  of  Ihe  stress  in  dEis 
then  equal  to  the  algebraic  sum  of  the  shear  in  panel  tie  and 
the  vertical  component  of  the  stress  in  D/i.  The  horizontal 
component  of  the  stress  in  DE  under  these  conditions  is 
equal  to  the  moment  at  d  divided  by  the  height  at  t^i  this  is 
the  same  as  the  horizontal  component  of  the  stress  in  CD 
found  in  Art.  5,  or  38.300  pounds.  Then,  the  vertical  com- 
ponent of  the  stress  in  D  E,  under  these  conditions,  is 
faal  to 


38,300  X 


17.5 


2.190  pounds 


The   shear   in   panel    df   is  3,-500   pounds?    therefore,   the 
vertical   component    of   the   stress   in  d£  is  3,500  —  2,190 
1,310  pounds;    and  the  stress  in  dE  is 


1.310  X 


30,  .'^ 
25 


^  4-  1,600  pounds 
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The  stress  in  Dd  is  equal  to  the  algebraic  sum  of  the  verti- 
cal components  in  r/?and  DE;  therefore,  the  stress  in  Dd\& 

38,30€  X  -^  -  38,300  x  ^  =  -  2,190  pounds 
17.5  17.5 

The  stress  in  Ee  is  equal  to  the  algebraic  suin  of  the  shear 
on  section  s  and  the  vertical  component  of  the  stress  in  /X/;. 
The  shear  on  the  section  j  is  +  3,500  pounds;  the  vertical 
component  of  the  compression  in  D'  E  is  2,200  pounds 
(see  Art,  8),  Then,  the  stress  in  Ee  is  3,500  +  2,200 
=   "  5  JOO  pounds. 

When  the  counter  cD  is  in  action,  the  members  that  are  in 
action  are  shown  in  Fig,  5;  the  main  diagonals  Cd  and  De 
are  omitted,  as  the  stresses  in  them  are  then  zero.  It  will 
be  convenient  here  to  find  the  dead-load  stresses  that  would 


occur  in  the  counter  r  D  and  in  the  verticals  Cc  and  D  d,  if 
the  main  diagonals  were  omitted  when  there  is  no  live  load 
on  the  truss.  The  vertical  component  of  the  stress  in  ^/7  is 
equal  to  the  algebraic  sum  of  the  shear  in  panel  cd  and  the 
vertical  component  of  the  stress  in  C D\  The  center  of 
moments  for  CD  is  now  r ,  and  the  horizontal  component  of 
the  stress  in  CD  is  equal  to  the  horizontal  component  of  the 
Stress  in  ^  C  as  found  In  Art,  6,  or  33,400  pounds.  Then, 
the  vertical  component  in  CD  is  equal  to 

33,400  X  —    =  3,800  pounds 
17,5 

The  shear  in  the  panel  cd  \%  10,500  pounds;  therefore,  the 

vertical  component  of   the  stress  in  cD  is  10»500  —  3,800 

=  6,700  pounds^  and  the  stress  m  c  D  is 

29.70 


6,700  X 


^  ^  -fr-  8,300  pounds 
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The  stress  in  Cc  is  equal  to  ibe  algebraic  sum  of  the  ver- 
tical components  in  B  C  and  C D\  that  is,  the  stress  in  Cc  is 
4         o.  .>....    2 


33.400  X 


17.5 


33.400  X  vv.  =  -  3.800  pounds 
17.0 


The  stress  in  Dd\^  equal  to  the  algebraic  sum  of  the  shear 
Oil  section  s^  and  the  vertical  component  of  the  stress  in  D  E. 
The  vertical  cumponent  of  the  stress  in  D  E  is  2,100  pounds. 
The  shear  on  section  y  is  \i)M^  pounds;  therefore,  the 
stress  in  Dtl  \^  10,500  -  2.190  =  -  8.310  pounds. 

It  must  be  understood  that  the  conipresshr  s/trssfs  hi  tfw 
coitniers  gh^ett  tilfovf  th  not  rtally  exisi  (or  any  hading;  ikcy 
art  tbf  annmnis  hy  ivhick  ike  Ihr-had  Ufiswns  in  thc&r  mfm- 
bers  must  be  rtditted  in  order  to  gtt  the  acttmi  tfnaion^  in  the 
totifiters^  If  the  live-lbad  tension  in  any  counter  is  less 
numerically  than  the  dead-load  compression,  that  means  that 
the  counter  is  not  required, 

10*  Live-Tjoad  Web  Stresses.^The  positions  of  live 
load  that  cause  maximum  web  stresses  are  in  general  the 
same  as  in  the  Pratt  truss. 

For  example,  the  maximum  stresses  in  Cd  and  Cc,  Fig,  G| 


oecor  when  all  joints  from  d  to  b'  are  loaded;  the  maximum 
stresses  in  De  and  Dd  occur  when  all  joints  from  c  to  b'  are 
loaded;  etc. 

The  live-load  web  stresses  will  now  be  found.  The  max- 
imum live-load  stress  in  a  B  is  equal  to  the  shear  in  panel 
ab  multiplied  by  esc  //»  or 

15.750  X7  5^  CSC  ^  ^  55. 120, X  ?'^4^  =  -f  76.900  pounds. 
2  '        lo 

The  maximum  live-load  stress  in  ^^  is  a  live  panel  load, 
or  —  15,750  pounds.     The  method  of  moments  will  be  used 
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in  calculating  the  remaining  web  stresses.  The  t3istances  to 
the  points  of  inlerseclion  of  the  various  upper-chord  members 
with  the  lower  chord  are  as  follows: 

For  B  C\  3.5  panels  to  the  left  of  a. 

For  CD,  9  panels  to  the  left  of  n. 

For  Z?  A\  "21  panels  to  the  left  of  a. 

For  /if)',  21  panels  to  the  right  of  a'. 

For  D*  C\  9  panels  to  the  right  of  ff^ 

For  the  member  Br,  section  &.  Fig.  fi,  with  loads  from  r 
to  l}\  the  center  of  moments  is  3.5  panels  to  the  left  of  a. 
Under  this  condition  of  loading,  { 

15J50  X  (1+2  +  3  +  4  +  5  +  6) 


y?. 


and  the  stress  in  ^^  is 


8 


41.300  X  3.5  _  25.10 


=  26.300  X 


25.10 


=  41.300  pounds 


^  -  36,700  pounds 


5.5  18  18 

For  the  member  Ct,  section  (/,  with  loads  from  d  to  ^,  thi 
center  of  moments  is  3.5  panels  to  the  left  of  a.     Here, 

16.760X  (1  +  2  +  3  +  4  +  5) 


J?/'  = 


8 


^  29,500  pounds 


=  +  IS.SOO  pounds 


and  the  stress  in  Cr  is 

29,500  X  a.5 
6.6 
For  the  member  Cd,  section  p,  with  loads  from  (/  to  ^' 
the   center  of  moments  Is  nine  panels  to  the  left  of  ^r,  and 
^/'  =  29,500  pounds,-  Then,   the  stress  in   Cd  is 

28.11 
22' 


29,600  X  9'      28.11 


=  22,100  X 


=   -  28,200  pounds 


12  22 

For  the  member  Dd^  section  p\  with  loads  from  e  to  V 
the  center  of  moments  is  nine  panels  to  the  left  of  a,  and 
-^/'  =  19,700  pounds.     Then»  the  stress  in  /?rf  is 


I 


19,700x9 


=   +  14,800  pounds 


12 

For  the  member  /)€,  section  g,  with  loads  from  <r  to  *'. 
the  center  of  moments  is  twenty-one  panels  to  the  left  of  «► 
and  ^/'  —  19J00  pounds.     Then,  the  stress  in  Df  is  ~ 


19,700  X  21       29,7 
25  24 


=  16,500  X 


=  -  20,400  pounds 
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=  +  9,900  pounds 


For  the  member  Ee,  the  stress  is  a  maxiinum  when  the 

loads  extend  from  (f  to  b'  and  {he  coiinler  Etf  is  in  action. 

Then    (section   ^').   the  center  of   moments  is   twenty-one 

panels  to  the  left  of  a\  R/'  —  11,800  pounds;  and,  therefore, 

the  stress  in  Et  is 

11,800X21 
25 

For  the  counter  Ed\  section  r,  with  loads  from  d*  to  y, 
the  center  of  moments  is  twenty-one  panels  to  the  right  of «'. 
that  is,  twenty-nine  panels  to  the  rig-ht  of  a\  R^^  =  11,800 
pounds;    and  the  stress  in  Ed'  is 

1L8WX2?  ^  30_52  ^  14  300  ^  ^  =  _  17„W0  pound. 
24  2o  25 

For  the  counter  />Vp  section  s^  with  loads  at  r^  and  h\ 
the  center  of  moments  is  nine  panels  to  the  right  of  it\ 
that  is,  seventeen  panels  to  the  right  of  a\  RJ^  —  5,900 
pounds;  and  the  stress  in  D' ^  is 


Utrt 


X  -^r^-  =  —  11.300  pounds 


11 


24 


!!•  liaxtniRin  Web  Stresses* — Combining  the  naaxi- 
njum  live-load  stresses  with  the  dead-load  stresses,  the 
following  results  are  obtained: 


Member 

Dead -Load  Stress 

MasimiiTU 
Live-Load  Stress 

Combined 
Maximum  Stress 

aB 

+  34*-2oo 

H-  76.900 

-h  1 1  MOO 

Bb 

—    7,000 

—  15.800 

—    22^800 

Be 

—  t3.8oo 

-  36,700 

-    So.Soo 

Cc 

-f-    2, goo 

+  18,800 

+      2  1»700 

Cd 

—     7.800 

—  28,200 

—    J  6,000 

Dd 

-       900 

+  14,800 

+   13.900 

De 

—     1,600 

—  20,400 

—      22,000 

Et 

«    5.7f>f> 

-f     9.900 

+        4.200 

dEar  Ed' 

+     1 ,600 

-  17*500 

-      15*900 

(Dot  DW 

+    S.joo 

—  11.300 

-      3.000 
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As  the  resulting;  combined  stresses  in  d£  and.  c D  are  ten- 
sion, both  these  counters  are  required.    The  dead-load  5tresi^| 
given  for  /w-  is  the  stress  found  on  the  supposition  that  the 
main  diagonal  in  panel  t/e  or  if  e  \^  omitted  from  the  truss. 
As  the  main  dingonal  is  out  of  action  for  the  loading  causin 
the   iiiaxininm   live-load   stress   in  /i(\   the   dead-load   value  "^ ' 
given    in    the   table   is   the   one    to   use   in   obtaining    the 
combined  stress.  | 

12,  MtiilrtLuni  Web  Stress^*.'*;. — The  tninimum  stress  in 
the  end  post  a  B  i^  equal  to  the  dead-load  stress  of  34,2(X) 
ponnd-s,  compression.  For  the  minimum  stress  in  Be,  the 
joint  if  should  be  loaded.  The  center  of  moments  iox  Be^  at 
before,  is  3.5  panels  to  the  left  of  a;  the  live-load  reactioi 
for  the  load  at  b  is 


>?,"  = 


15,750  X 

8 


=  13.800  pounds 


and  the  live-load  stress  in  ^f  is 

13.800  X  3.5  -  15J5Q  X  4.5  ^  25,10  _        .  ,rvi  >>  25.1 

5:5  ^  "18~  "  "  ^'^^  ^  Is 

=  —  5,700  pounds 

In  writing  this  equation,  the  stress  in  Be  was  assumed  as 

tension;  the  negative  sign  of  the  result   indicates   that   the 

live  load  tends  to  cause  compression  in  Be.     The  dead-load 

stress  in  Be  is  13,80<_)  pounds,  tension;  therefore,  the  actual 

stress  in  Be  for  this  loading  is  1S,8()0  —  5,700  =  HJOO  pounds 

tension,  which  is  the  minimum  stress  in  Be.     The  minimum 

stress  in  each  of  the  remaining  main  diagonals  and  in  the 

counters  is  zero;  when  one  diagonal  in  any  panel  is  in  actioQii 

the  other  is  assumed  to  be  idle.  ■ 

13,     Determination  of  I'nnets  In  Wliieh   Counters 

Arc  Hoqiilred. — It  should  be  noted  that  it  is  not  always 
possible,  in  a  curved*  or  inclined-chord  truss^  to  determine 
directly  from  the  shears  the  panels  in  which  counters  are 
required.  In  the  analysis  of  the  parallel-chord  Pratt  truss  in 
Stresses  in  Bridf^e  Trusses,  Part  2,  it  was  explained  that 
counters  are  required  only  in  those  panels  in  which  the 
minimum  combined  shears  are  of  an  opposite  kind  to  tl 
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I 


I 


maxjrouni.  It  this  rule  is  applied  in  the  present  case,  it  will 
be  seen  that  the  result  is  not  correct.  In  the  panel  rtf,  for 
example,  the  maximum  shear  occurs  when  all  the  joints  from 
d  to  i»'  are  loaded  with  the  live  load,  and  is  equal  to  the  sum 
of  10,500  pounds  dead,  and  29,500  pounds  live,  or  40,000 
pounds  combined  positive  shear;  the  minimum  shear  occurs 
when  the  joints  /t  and  r  are  loadedj  aud  is  eijual  to  10,500 
pounds  dead,  and  —  5,900  pounds  live,  or  4,600  pounds  com- 
bined positive  shear.  The  minimum  shear  being  of  the 
same  sign  as  the  maximum,  seems  to  indicate  that  no  counter 
is  required,  although  it  was  shown  in  Art.  11  that  a  counter 
is  required  in  the  panel  ct/.  No  mistake  can  be  made,  how* 
ever,  if  the  minimum  stress  iii  each  main  diagonal  is  calcu- 
lated: if  the  minimum  stress  comes  out  tension,  no  counter 
is  required;  if  it  comes  out  compressiOHi  a  counter  is  required. 
For  example,  if  no  counter  were  required  in  the  panel  n/,  the 
minimum  tension  in  the  main  diagonal  Cd  would  occur  when 
the  joints  6  and  c  are   loaded  with  the   live  load,  the   left 


reaction  being  ll^]^^A^±Jl  =  25,600  pounds. 


8 


The  center 


■     reac 

H  of  moments  for  Ci^  is  nine  panels  to  the  left  of  a\  then  the 

L  """ " 

m^  t; 


25,600  X  9 


15J5Q  X  10-  15.750  X  11  ^  28,U 
12  22 


=  —  10, 700  pounds 
This  equation  was  written  assuming  the  stress  in  Cd  as 
tension;  the  neg^ative  sign  of  the  result  indicates  that  the 
live  loads  at  ^  and  c  tend  to  cause  compression  in  Cd.  The 
dead-load  stress  in  Cd  is  7,800  pounds  tension.  Then,  the 
combined  stress  in  Cd  would  be  equal  to  10,700  —  7.800 
s£  2^900  pounds,  compression;  but,  as  no  compression  can 
exist  in  this  member,  the  counter  tD  is  required. 

14*  Verticals. — The  minimum  stress  in  B&  is  equal  to 
a  dead  panel  load,  which  is  7.000  pounds,  tension.  The 
minimum  stress  in  each  of  the  other  verticals  Cr,  Dd. 
and  ^t!  occurs  when  the  stress  in  the  diagonal  that  meets 
the  vertical  at  its  upper  joint  is  a  minimum,  that  is,  when  the 
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two  diagonals  that  meet  the  vertical  al  its  Itiwer  joint  are  irx 
action.  For  this  condition,  the  stress  in  the  vertical  is 
tension^  and  i*;  equal  to  the  algebraic  sum  of  the  vertical 
components  of  the  stresses  in  the  two  chord  members  that 
meet  the  vertical  at  its  upper  joint.  As  the  minimum  stress 
is  of  an  opposite  kind  to  the  maximum,  it  is  necessary  to 
find  the  maximum  tension  in  the  verticals. 

The  maximum  tension  in  Cr  occurs  when  the  diaQ;:onals /?f 
and  cD  are  in  action.  The  members  of  the  truss  that  are 
then  in  action  are  shown  in  Fig,  h.  The  center  of  moments 
for  both  BC  and  CD  is  at  €\  therefore^  the  horizontal  com- 
ponent in  each  of  them  is  erjual  to  the  moment  at  (  divided 
by  22»  The  tension  in  Cc  is  equal  to  the  vertical  component 
\xi  B  C  which  acts  upwards,  minus  the  vertical  component 
in  C D^  which  acts  downwards;  then,  the  minimum  live-load 
Stress  in  Cc  is 


moment  at  c 


22  17.5 

_  moment  at  c 
22 


_  moment  at  € 
22  ^ 

2 
X    — — ,  tension 
17,5 


17.5 


For  the  maximum  live^load  tension  in  Cr,  the  truss  should 
be  loaded  as  fully  as  possible  without  bringing  the  main 
diagonal  Cd  into  action.  When  there  are  live  loads  at  b  and  £■, 
the  tolal  combined  tension  in  the  counter  c /?  is  equal  to 
3,000  pounds  {Art.  11).  A  live  panel  load  at  d  would  tend 
to  cause  compression  in  c D^  that  \%y  decrease  this  tension  by 
15,75(3  X  5  ^  Q 

It  ^    24 

As  this  is  greater  than  the  tension  in  r/),  the  live  loat 
cannot  be  applied  at  d^  as  then  the.  main  diagonal  Cd  would 
be  in  action.  The  left  reaction  for  loads  at  b  and  c  is  equal 
to  25,6(X)  pounds.     Then,  the  live-load  moment  at  c  is 

(25.600  X  2  -  15.750  X  1)  X  17.5 
and  the  stress  in  Cc  is 


=  10.000  pounds 


(25.600  X  2  -  15  J50  X  1)  X  17.5 
22 

—  3,200  pounds,  tension 


17.5 
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The  dead-load  stress  in  Cc  when  the  main  diagonal  Cd  is 
left  out  was  found  in  Art.  9,  and  is  3,800  pounds,  tension. 
Then,  the  maximum  tecsioiit  or  minimum  stress,  in  Cc  is 
equal  to  3,2W  +  3.800  =  7,000  pounds.  The  reason  for 
pnding  the  stresses  discussed  in  Art.  9  is  now  apparent. 

The  maximum  tension  \u  Ud  ooclu^s  when  the  diagonals  Cd 
and  d /^  are  in  action.  The  members  of  the  trass  that  are  in 
action  are  shown  in  Fig;.  4.  The  center  of  moments  for  CD 
and  D  E  \%  at  d,  and  the  horJEontal  component  of  the  stress 
in  each  of  these  members  is  equal  to  the  moment  at  d  divided 
jy  24.  The  tension  m  Dd  is  equal  to  the  vertical  component 
^^f  the  stress  in  CD,  which  acts  upwards,  minus  the  vertical 
component  of  the  stress  xwDE,  which  acts  downwards;  then, 
B^e  stress  in  D  d  is 

(    It  is  ev 


moment  at  //        2 
^^24    "  17^ 


moment  at  t/  ,,    1 


24 


X 


17.5 


moment  at  </  ,,    1 

24 ^  17:6'  '^"^'<="^ 


^ps 


It  is  evident  that^  for  the  maximum  Hve-load  tension  in  Dd^ 
the  truss  should  be  loaded  as  fully  as  possible  without  brtDg- 
jj  the  main  diagonal  Dc  into  action.  When  the  live  load 
applied  at  /',<*,  and  (/,  the  lension  in  dE  is  15,1)00  pounds 
(Art.  ll)t  and  it  was  shown  in  the  preceding  paragraph 
that  under  this  loading  the  main  diagonal  Cd  is  in  action. 
A  live  punel  load  at  e  decreases  the  tension  in  d  E  by 
\  /15J50X.  4      21\       30^2  ^ 

V  8  24/         25  ^ 

>aving  15*900  -  8.400  =  7,500  pounds,  tension,  in   d£.    A 
live  load  at  d*  further  decreases  this  tension  by 

25 

leaving  i  ..500  —  6,300  =  1,200  pounds,  tension,  in  d£.    A  live 
lad  at  r'  further  decreases  this  tension  by 

flS^^Xj  X  ^)  X  ^"^^  =  4.200  pounds 

V  8  24/         25  *^ 

As  this  result  is  greater  than  the  1.200  pounds,  tension, 
fin  d£,  the  main  diagonal  D^  would  be  in  action  if  the  live 


(■= 


15,760  X  3  ^  21 

8  ^24 


)" 


=  6,300  pounds 
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load  extended  to  c\    The  joints,  therefore^  from  b  to  d^  may 
be  loaded,  and  still  have  the  counter  d E  in  action.     Then, 


R."  = 


IfyJbOX  (3  +  4+5  +  6  +  7) 


=  49,200  pounds 


and  the  live-load  stress  In  /?(/  is  equal  to 

[4i>.200  X  3  -  15,750  X  (2  +  1)]  X  17.5      J_ 
24  17.5 

=  4.200  pounds,  tension 
The  dead-load  stress  in  Dd^  when  the  main  diagonal  De 
is  omitted,  was  found  in  Art,  O  to  be  2,200  pounds.     Then, 
the  total  maximum  tension  (minimum  stress)  in  Dd  Is  equal 
to  4,200  +  2.200  ^  (>,4W)  pounds. 

The  maximum  tension  in  I£e  occurs  when  the  main  diag- 
onals Df  and  ZP'f  are  in  action.  The  center  of  moments  for 
both  DE  and  AV/  is  at  e,  and  the  horizontal  component  of 
the  stress  in  each  of  these  members  is  equal  to  the  moment 
at  e  divided  by  25.  The  tension  in  £e  is  equal  to  the  sum 
of  the  vertical  component  of  the  stresses  in  these  two  mem- 
berst  as  both  act  upwards  at  the  joint  £,  The  stress  in  ££ 
iSp  therefore, 

moment  at  ^.,     1      .  moment  at  <?_,     1 


J 


25 


^ L  <«onient  at  g 

17.5  25  17.5 


moment  at  e 


X 


2 


tension 


ful 


25  17.5' 

The  maximum  moment  at  e  occurs  when  tbere  is  a 
load  on  the  truss.     The  live-load  stress  in  Ee  is,  theti, 
[55,120X4- 15J50X  (3  +  2  +  1)]  X  17.5        2 
25  ^  17.5 

=  10,100  pounds,  tension 
The  dead-load    stress  in  Ei\   when  the   main   diagonals 
eD  and  c/?'  are  in  action,  is  equal  to  4,400  pounds,  tension. 
Then,    the    total  maxttnum  tension  in  E^r  is  10»100  +  4,400 
=  H.-SOO  pounds. 

In  this  case^  the  tension  of  14.500  pounds  in  Ee,  found 
under  the  bead  of  minimum  stresses,  is  numerically  greater 
than  the  compression  of  4,200  pounds,  found  under  the  head 
of  maximum  stresses;  so  that  the  former  is  really  the  maxi- 


mum.    In    all    the    verticals,    except   the    hip   vertical,    the 
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tinimum  stress  is  of  opposite  kind  to  the  mnximum,  and 
ihey  must  be  designed  Ui  resist  buth  kinds  of  stress.  In  a 
longer  truss,  or  in  one  wiih  different  proportions,  there 
would  probably  be  more  than  the  hip  vertical  in  which  the 
mascimum  and  niiniinum  stresses  would  be  of  the  same  kind* 
For  example,  if  the  counter  c  D  were  not  required,  the  mini' 
mum  compression  in  Cc  would  be  equal  to  the  algebraic 
sum  of  the  minimum  positive  shear  in  the  panel  c  d  or  on 
die  plane  of  sections  ^,  Fig.  2  {a),  and  the  vertical  compo* 

;nt  of  the  stress  in  B  C, 

The  maximum  and  mininiura  stresses  are  given  in  Fig,  7, 


the  former  above  and  the  latter  below  the  lines  representing 

te  members, 
15.     Dletributlou  of  J>ead  Loud. — In  case  it  is  desired 
distribute  the  dead  load  between  the  tw*o  chords,  one- 
third  may  be  assumed   to   be  applied   at  the  jomis  of  the 
unloaded  chord.     The  stresses  in  the  verticals  only  will  be 
slightly  different  from  what  they  are  when  all  the  dead  load 
I  assumed  to  be  applied  at  the  joints  of  the  loaded  chord. 


GRAPHIC    METHOD 

!<>•     Ocad-IiOad    Stfcsses. — The    stress    diagram    for 

d  load  is  represented  in  Fig.  8(^);  the  truss,  numbered 

cording   to   How's  notation,  is  shown   in   Fig.  «S  {a).      As 

le  truss  is  symmetrical  about  the  center^  and  therefore  the 

esses  in  the  corresponding  members  on  Ihe  two  sides  of 


Pio.  S 


N 
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the  center  are  the  same,  the  stress  t^iagram  has  been  drawn 
for  the  left  end  only,  although  the  load  line  has  been  laid 
off  for  the  \vhole  truss.  The  left  reaction  1-2  was  first  laid 
off.  then  the  panel  loads  9-3,  :-^-4,  etc.,  and  finally  the  right 
reaction  9-1,  The  stress  diagram  was  first  drawn  for  the 
joint  a^  by  drawing  1-U)  parallel  to  a  /?,  and  2-10  parallel 
to  ab.  The  vectors  2-10  and  10-1  give  the  stresses  \nab 
and  aBi  respectively.  The  diaj^ram  for  the  joint  ^  was  then 
drawn  by  drawing  through  3  the  line  3-11  parallel  to  be, 
and  through  10  the  line  tO-11  parallel  to  Bb.  Next,  the  dia- 
gram for  joint  /?,  then  that  for  joint  r,  etc.  were  drawn  in 
the  manner  explained  in  Graphir  Siaties. 

The  full  lines  in  the  stress  diagram  represent  the  dead-load 
stresses  when  the  main  diagonals  are  in  action;  the  dotted 
lines  represent  the  dead-load  counter  stresses.  In  draw- 
ing the  vectors  corresponding  to  the  latter,  counters  were 
assumed  in  the  panels  in  which  they  were  most  likely  to  he 
needed,  and  the  counter  stresses  found  by  assuming  that  the 
main  diagonals  in  these  panels  were  left  out.  For  example, 
if  the  main  diagonal  D^  is  left  out.  the  diagram  for  joint  D 
is  t'li-l:y-l\  for  joint  d,  13-'l-5-l6'-15'-^14'13;  and  for 
joint  /i,  1-15'-16'-17-1.  If  the  main  diagonal  Cd  is  left  out, 
the  diagram  for  joint  C  is  1-12-13^-1;  for  joint  c,  12-11-3- 
4-ir-lS'-12)  for  joint  D,  l-Vi'-lV-l:j*-l\  and  for  joint  ;/, 
14'-4-5-10'-ir»'-lV, 

The  characters  and  values  of  the  stresses  may  be  found 
from  the  stress  diagram  in  the  usual  way;  it  is  unnecessary 
to  tabulate  theiu  here,  as  they  are  the  same  as  found  in  the 
preceding  articles, 

17-  Live-Load  Chord  Stresses. — As  the  maximum 
live-load  stresses  in  the  chords  obtain  when  there  is  a  full 
live  load  on  the  truss,  they  may  be  found  by  multiplying  the 
dead-load  stresses  by  the  ratio  of  the  live  to  the  dead  load, 
or  a  stress  diagram  similar  to  that  shown  in  Fig.  8  {b)  may 
be  drawn,  the  dotted  lines  being  omitted. 

18.  Llve-Tjoad  Web  8tresHes. — The  maximum  live- 
load  stress  in  the  end  post  may  be  found  m  the  same  way  as 
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'e-load  chord  stresses;  the  maximum  live-load  stress 
in  the  hip  vertical  is  tension  and  equal  to  a  live  panel  load. 
In  order  to  find  the  live-load  stress  in  any  other  web  mem- 
ber, it  is  necessary  to  consider  the  loading  that  causes  the 
desired  stress  in  the  member,  and  the  members  of  the  truss 
that  are  in  action  for  that  loading.  The  maximum  live-load 
stress  in  any  main  member  on  the  left  of  the  center  obtains 
hen  the  joints  to  the  right  of  that  member  are  loaded; 
the  maximum  stress  in  a  counter  on  the  left  of  the  center 
obtains  when  the  joints  to  the  left  of  the  member  are  loaded, 
s  will  be  explained  presently,  it  is  more  convenient  to  find 
the  maximum  stresses  in  the  counters  on  the  right  of  the 
center.  The  only  external  force  that  acts  on  the  left  of 
a  web  member  when  the  live-load  stress  in  that  member  is 
greatest  is  then  the  left  reaction,  which  can  be  found  most 
easily  by  calculation.  Each  member  must  receive  separate 
nsideration. 

The  maximum  stress  in  Be  obtains  when  the  truss  is 
loaded  from  d'  to  r,  Fig.  9  (a);  then,  A^"  =  41*8riO  pounds. 
t  is  unnecessary  in  this  case  to  lay  ofiE  the  load  line 
for  all  the  external  forces  acting-  on  the  truss?  the  left 
reaction  J-2  may  be  laid  off,  Fig,  9  ((^),  and  the  stresses 
the  members  that  meet  at  a  found  by  drawing  the 
stress  diagram  for  the  joint  «,  as  represented  in  Fig.  9  (^); 
then  the  stress  diagram  may  be  drawn  for  the  joints  6 
and  B  until  11-12,  representing  the  stress  in  Be,  is 
found.  The  maximum  stresses  in  Cc  and  Ctf  obtain  when 
all  the  joints  from  ^'  to  */  are  loaded;  then,  -^,"  =  2S^»6O0 
pounds.  This  may  be  laid  off,  as  shown  at  3-2,  Fig.  9  (t), 
and  the  stress  diagram  drawn  for  the  joints  a,  *,  B,  f, 
and  C  until  J2-t9  and  13-li,  representing  the  stresses  in 
£  and  Cdi  are  found. 

As  the  vectors  in  Fig.  9  (r)»  as  far  as  point  13,  are  parallel, 
espectively.  to  those  in  Fig.  9  {d),  the  two  figures  are 
imilar;  therefore, 

(71-12),  _  (J'2)*  lAAJur. 
Ui-i^T  "  U^^  ^  ****** 
Whence  Ul-12),  =  UUi  X  iiZ-12}, 
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This  principle  is  made  use  of  tn  Fig.  9  (d);   the  force  l-2j« 
representing  the  left  reaction,  was  laid  off  arbitrarily  equal 
to  10,000  pounds,  and  tlie  stress  diagram  drawn  in  the  same 
way  as  m  Fig,  9  (^)  until  21-22,  representing  the  rnmimuin^ 
live-load  stress  in  B' c\  was  found.     In  drawing  the  dlagramjH 
it   was  assumed    that   a   counter   would   be    required   in   the 
panel  ed\  so  the  main  diagonal   c  D'  was  left  out;   in  the 
panel  d'  €^^  the  stress  diagram  was  drawn  first  on  the  assump- 
tion that  the  main  diagonal  d*  O  was  left  out,  and  then  on 
the   assumption   that    the   counter  D' c^  was  left  out.     The 
vector  19-20  represejits  the  stress  in  Z?V,  and  19*-^Q'  repre- 


J 


drawn  in  connection  with  the  minimum  stresses  in  the  verti- 
cals Cc  and  Dd,  as  will  be  explained  later.  It  is  evident 
that,  as  far  as  point  12,  Fig.  0  (d)  is  similar  to  Fig.  9  C^)i 
and,  as  far  as  point  i-/,  is  similar  to  Fig.  9  (r);  whence 

{13-u),  =  mnxd^^-ti), 

from  which  it  follows  that  the  stress  in  any  member  of  the 
truss,  when  there  are  no  loads  on  the  left  of  the  member, 
may  he  found  from  Fig.  9  {d),  by  multiplying  the  vector  that 
represents  the  stress  in  the  member  by  the  ratio  of  the  left 
reaction  for  the  loading  that  causes  the  desired  stress  to 
10,000, 

The  stresses  in  the  various  web  members  due  to  a  le 
reaction  of  10,000  pounds  are  first  found  by  scaling  ih 
vectors  in  Fig.  9  {d}.     They  are  as  follows: 

Stress, 
IN  Pounds 

+  ."=4,400 
-  14.800 
"  10,200 
+  18,100 
+  28,500 

The  left   reactions   due  to    the  loadings    that   cause    th( 
desired    stresses    are    then    found    in    the   same   way   as 
Art,  10.    They  are  as  follows: 


EMBER 

IN  Pounds 

Member 

Be 

-    8,000 

Ee 

Cc 

-h    6,400 

Ed* 

Cd 

-    9,600 

Z?V 

Dd 

+    7,600 

f^a 

De 

-  10,400 

^  & 
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Member 
Be 

Cc,  Cd 
Dd.  De 
Ee^  Ed 

d*C' 


Reaction,  ij*  Pounds 
■41,300 
29,500 
19.700 
ll.ROQ 

5.90D 

15.750  X 


1  +  2 


=  5,900 


lo,750  X 


i  _ 


2,000 


Then,  the  desired  stresses  in  these  members  ^"e  as  follows: 

IN  Poi'Sps 

Be  +UMX    6,900=  -36.800 

Cf  WfS  X    fi,400  =   +  18,900 

Cd  W*S  X    9,600  -  -  28,300 

Dd  mU  X    7,500  ^  +  14,800 

D^  mU  X  10.400  =   -  20.500 

Et  mil  X    8.400  =  +    9,900 

Ed'  {UU  X  14,800  =  -  17,500 

Z>'t^  iWyV  X  19.200  =  -  11,300 

Minimum 

IN  PoUNtlS 

d'  C  iWtftf  X  18.100  =  +  10,700 

r'  B'  iWft  X  28,500  -   +    5,700 

The  combined  stresses  in  these  members  may  be  found  in 
the  same  way  as  in  Art.  11. 

19*  Verticals. — The  minimum  stresses  in  ^(t  and />  (/. 
and  in  Ce  when  a  counter  is  needed  in  panel  cd^  as  in  this 
case,  require  special  consideration.  The  stress  in  each  case 
is  tension,  and,  as  this  is  of  opposite  kind  to  the  maximum 
stress,  it  is  necessary  to  find  the  maximum  live-load  tension 
in  these  verticals,  in  order  to  find  the  minimum  stresses. 
For  this  reason,  it  is  necessary  to  go  through  the  same 
Operations  as  iti  the  analytic  method  to  determine  the  proper 
loadings. 
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The  maximum  tension  in  lie  occurs  when  the  counters  dE 
and  d^  £  are  out  of  action,  and  the  truss  is  fully  loaded;  it 
may  be  found  from  the  vector  Ifi-17  in  the  stress  diagram 
for  dead  load^  Fig.  8  (^),  by  multiplying  the  dead-load  stress^ 
in  Ee  by  the  ratio  of  the  live  to  the  dead  load.  ^| 

The  maximum  tension  in  Cc  occurs  when  the  countered 
is  in  action  (if  that  counter  is  required),  and  the  truss  is 
loaded  as  fully  as  possible  without  bringing  the  main 
diagonal  Cd  into  action.  The  counter  (*/?  is  in  action 
when  the  joints  b  and  c  are  loaded^  and  the  stress  is  evidently 
equal  to  the  stress  in  c*  ly  when  the  joints  h^  and  (^  are 
loaded.  In  Fig.  9  (t/).  the  vector  V3-2{}  represents  the  stress 
\Vl  €*  ly  for  a  reaction  of  lO/JOO  pounds^  and  scales  19,200 
pounds,  tension.  The  left  reaction  for  live  loads  at  ^  and  <f 
is  equal  to 

'5-750  Xt'+S)  =  5.900  pounds 
8 

Then,  the  actual  live-load  stress  is 

iVWV  X  19,200  =  -  11,300  pounds 

From  Fig*  8  (^)  it  may  be  seen  that  the  dead-load  stress 
\T\,  c D  (vector  13'-J-t'),  when  the  main  diagonal  Cd  is  out  of 
action,  is  equal  to  8,300  pounds,  compression.  Then,  the 
combined  stress  in  r  />.  w^hen  there  are  live  loads  at  6  and  <:,  is 
equal  to  11,300  "8;^00  =  8.000  pounds,  tension.  To  find 
whether  or  not  a  load  at  d  will  bring  the  main  diagonal  Cd 
into  action,  the  vector  13'-14\  Fig.  %(d),  representing  the 
stress  incD,  may  be  considered:  this  scales  10/200  pounds 
compression  for  a  left  reaLtion  of  lO.rKJO  pounds.  The  left 
reaction  due  to  a  live  panel  load  at  d  is  equal  to 


and(^ 


15J50X_5  ^  g^^Qfj  p^^^^g 


J 


Then,  the  actual  stress  \n  c  D  due  to  the  live  load  at  d  is 

equal  to  i 

iWo^  X  10,200  -   -f  10.000  pounds  ^ 

This  is  greater  than  the  tension  in  c D,  which  means  that, 
with  live  loads  at  byC,  and  r/,  the  counter^/?  will  be  out  of 
action.  Therefore,  the  maximum  tension  in  Cc  obtains  when 
the  live  load  is  applied  at  b  and  c^  and,  for  a  reaction  of 


k 
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10,000  pounds,  is  given  by  the  vector  20-21  <5,4CX)  pounds), 
Fig,  9  [d).  The  actual  stress  in  Cc  due  to  the  live  load 
at  b  and  r  is  then  equal  to 

T%U  X  5,400  =-  -  3,20€  pounds 

The  dead-load  stress  in  Cd  when,  the  main  diagonal  Cd  is 
left  out,  is  given  in  Fig.  8  (*)  as  3,800  pounds,  tension. 
Then,  the  combined  tension  in  Cc  is  equal  to  3,200  +  3,800 
=  7»000  po^^ds^  which  is  the  minimum  stress  in  Cc* 

The  maximum  tension  in /?*/ occurs  when  the  diagonals  C*/ 
and  i/ li  are  in  action,  and  the  truss  is  loaded  as  fully  as 
possible  without  bringing  the  main  diagonal  D^  into  action. 
The  maximum  live-load  tension  in  ii/'J  occurs  when  the 
joints  ^,  r,  and  ci  are  loaded.  It  was  shown  in  the  preceding 
paragraphs  that  under  this  loading:  the  main  diag^onal  d  C  is 
in  action.  The  stress  in  li /i  due  to  toads  on  the  left  is 
evidently  the  same  as  the  stress  in  i/' £"  due  to  loads  on  the 
right.  In  Fig.  9  (^/J,  the  stress  in  d' E  \s  represented  by 
tlie  vector  i7-JN,  which  is  14,800  pounds,  tensioD;  the  left 
rtjaction  for  loads  at  b\i:*^  and  d^  is  equal  to 
15.750  X  (1  +  2  4- 3) 


8 


=  11, SOD  pounds 


and  the  actual  Itve-load  stress  is 

HIU  X  14.800  =   '  17,500  pounds 

From  Fig^.  8  (-5),  the  dead-load  stress  \^  d E  when  the  main 
diagonal  Dr  is  left  out  is  equal  to  1,600  pounds,  compression 
(vector  1^'-16'}.  Then,  the  combined  stress  in  dE  when 
there  are  live  loads  at  A,  c,  and  d  is  equal  to  17,-500  —  1,600 
=  15,90tf  pounds,  tension. 

It  remains  to  be  seen  how  many  joints  to  the  right  of  dE 
can  be  loaded  without  bringing:  the  main  diagonal  /^^  into 
action.  This  can  best  be  determined  by  considering  the  vec- 
tor 15^-16'  representing  the  stress  in  dE,  Fig.  9  id).     A  left 

iction  of  10,000  pounds  causes  a  compression  in  d  E  equal 

10,600  pounds;  then,  a  reaction  of  15,000  pounds  will  cause 
a  compression  in  dE  equal  to  15,900  pounds,  which  is  the 
numerical  value  of  the  combined  tension  just  found.  There- 
fore, if  the  left  reaction  due  to  live  loads  at  ^,  d\  ^,  etc,  is 
less  than  15,900  pounds,  the  counter  dE  will  be  in  action;  if 
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greater,  the  main  diagonal  De  will  be  in  action. 
reactiati  for  a  live  panel  load  at  t  is  equal  to 
15.750  X  4 


The  left 


8 


=  7»90O  pounds 


13,800  pounds 


=  17,700  pounds 


For  loads  at  e  and  d^ ^  it  is 

15,750  X  <a  +  4) 

8 

For  loads  at  e^  d\  and  c\  it  is 

15.750  X  (2  4-3  +  4) 

8 

From  which  it  will  be  seen  that  live  loads  may  be  placed 
at  the  joints  t  and  d\  in  addition  to  those  at  b^  c,  and  rf,  with- 
out bringing  the  main  diagonal  De  into  action, 

The  actual  live-load  tension  \n  Dd  may  be  found  by  draw- 
ing a  stress  diagram,  Fig,  9  {t)^  of  the  truss  as  far  as  joint  D 
for  loads  at  b^  Cy  d^  e^  and  d'.  The  vector  14-15\  equal  to 
4,200  pounds  tension,  is  the  stress  in  Dd^  which  may  also  boA 
found,'  from  Fig,  ^  ((/).  by  considering:  first  the  tetision  due 
to  loads  at  h,  c,  and  d^  and  then  the  tension  due  to  loads  at  e 
and  d\  The  former  is  evidently  equal  to  the  vector  /S-JS»^B 
(2,100  poimds)  multiplied  by  the  ratio  of  the  left  reaction 
due  to  loads  at  b\  r',  and  d'  to  10,000;  the  latter  to  vector 
14-15'  (lf2U0  pounds),  multiplied  by  the  ratio  of  the  left 
reaction  due  to  loads  at  r  and  d*  to  lO.OOCK  They  are 
respectively,  equal  to 

HM8  X  2,100  =  2,500  pounds, 
and  MUM  X  1.200  -  1,700  pounds 

The   dead-load  tension  in  Dd  when    the   main  diagonal 
Z>f   is  left   out    is    eqxial    to   2,200   pounds    [vector   14-15'^ 
Fig.  .S  (^)].     Then,  the  maximum  combined  tension  in  D 
is  equal  to 

2.500  +  1,700  +  2,200  =  4,200  +  2,200  =  6,400  pounds, 
which  is  the  minimum  stress  in  Dd, 

20,  Compartson  of  Methods. — It  will  be  seen,  from 
the  application  of  the  analytic  and  graphic  methods  to  the 
preceding  example,  that  the  same  course  of  reasoning  is 
required  in  both,  and  the  same  amount  of  work  required  in 
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combhiing  the  stresses.  The  actual  determination  of  the 
stresses  is  somewhat  shorter  by  the  graphic  than  by  the 
analytic  method,  and  the  results  are  sufficiently  accurate  for 
all  practical  purposes. 


OTHER    FORMS     OF    TOE    ClJRVEn-C'OORD    TRUSS 

21,  The  Deck  Truss. — The  method  of  calculating  the 
stresses  in  the  members  of  a  deck  truss  with  curved  lower 
chord,  such  as  that  represented  in  Fig.  IQ,  is,  in  general,  the 

y«ame  as  for  the  through  truss*  The  principal  difiFerence  is 
due  to  the  fact  that  the  minimum  stresses  in  the  verticals,  as 
well  as  the  maximuin.  are  compression.  The  maximum  com- 
pression in  any  vertical  on  ibe  left  of  the  center  is  equal  cither 
to  the  algebraic  sum  of  the  maximum  positive  shear  on  the 
plane  of  section  that  intersects  such  member  and  two  chord 
members,  and  the  vertical  component  of  the  stress  in  the 
inc]med*chorU  member  for  the  same  loadings  or  to  the  sura 
of  a  dead  and  a  live  panel  load»  whichever  is  the  greater.     It 


I 


9  I^netM  *  20  fvetmJSO  feet 

Fid.  ]I 


s  evident  that  the  maKimum  compression  m  a  vertical  can- 
not be  less  than  the  panel  load  supported  at  its  upper  joiist. 
In  a  similar  manner,  the  minimum  compression  is  equal  to 
the   algebraic   sum   of  the   minimum   positive  shear  on  the 

ection   and   the   vertical   component  of   the   stress  in  the 
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inclined-chord  meniber  for  the  same  loading,  if  the  algebraic 
sum  is  greater  than  a  dead  panel  load;  if  less,  the  miuimum 
coiTipressioii  is  equal  to  a  dead  panel  load. 

23.  Odd  Nuinbef  of  Panel**. — When  a  cnrved'chon 
truss  has  an  odd  number  of  panels,  as  in  Fig»  IL  the  chordl 
in  the  center  panel  are  made  parallel,  and  the  stresses  in  th< 
members  in  that  panel  are  found  in  the  same  way  as  U 
parallel-chord  trusses. 


EXAMPLES    FOR     PRACTICE 

1.     Fig^  10  represents  a  deck  truss  with  dimensions  as  shown.     Th( 
dead   panel    load    is  7,ftW,    and    the   live   panel    luad,    1i'>»7.'tO    pounds. 
Asburaiiig   that   all  the    dead    load    is    applied   ftl    Ihe   joims    of  th©^^ 
loaded  rhord,    find    the   maximum  and   minimum    combined    stresse^H 

Stress,  in  Pounds 


\a  d  B  and  f  C 


Aqs, 


Member 


cC 


Maximum  Minimum 
4- HI  .900  +  lil,aW 
+  47,500      H-  lO.i^O 


2.  Fig-  11  represents  a  curved -chorti  throug'h  truss  with  d^meeisio 
as  shown,  The  dead  Uiad  is  Un^Of),  and  the  live  load,  2.80(1,  patind^ 
per  linear  foot  of  bridge,  otie-half  heing  carded  by  each  truss.  Deter- 
mine the  maximum  strvsi^CFi  in  the  main  diagonals  and  cotintera  in  the 
panels  in  whith  counters  are  required 


Q^l 


Aqb. 


Membbh 
De 


iMr\XTMUM  Stress. 

IN  PouNns 

-  4a.!ioo 

-  2o.60U 
-37,400 


THE   INCLINED-CIIORD  TKUSS 

23*  Desei*tpti(>ii. — Pigs.  1*2  and  13  represent  the  type 
of  inclined-chord  truss  most  frequently  used  for  bridge  pur- 
poses. When  the  truss  has  an  even  number  of  panels,  the 
inclined  chord  is  usually  made  straight  from  the  center  of 
the  truss  to  the  first  panel  point  from  the  end.  When  there 
is  an  odd  number  of  panels,  the  center  chord  member  is 
made  horiaontaU  and  the  rest  of  the  chord  inclined.  In 
some  cases,  when  there  is  an  even  number  of  panels,  the 
two  chord  members  in  the  panels  at  the  center  are  made 


STRESSES  IN  BRIDGE  TRUSSES 


33 


fr 


^V- 


Of 


.^e.' 


t? 


i^ 


horizontal,  as  represented 
by  the  dotted  lines  EE* 
in  Figs,  12  and  13, 


'^. 


24.     Method  of  Cal- 

ciiJatton.^ — The  i^eueral 
method  of  analysis  is  the 
same  as  for  the  curved^ 
chord  truss.  The  actual 
calculation  is  somewhat 
„  simpler,  because  the  in- 
0  clined  chord  has  the  same 
^  inclination  in  the  different 
panels;  there  is*  there- 
fore, but  one  intersection 
of  the  top  and  bottom 
ch<^rda  to  be  considered 
in  (indin^j  web  stresses  by 
the  method  of  moments. 
In  all  the  trustees  analyzed 
in  the  preceding  pages. 
the  diatjonals  that  slope 
upwards  from  the  center 
toward  the  end  have  been 
called  the  main  diagonals,  and  have  been 
in  tension  for  a  full  live  load»  or  for  no 
live  load.  In  the  inclined-chord  truss,  it 
frequently  happens  that,  under  oue  of  these 
conditions  of  loading,  the  vertical  com- 
ponent of  the  stress  in  an  inclined-chord 
member  near  the  center  is  nnmeriL^ally 
greater  than  the  shear  in  the  panel,  in 
which  case  the  diagonal  that  slopes  up- 
wards from  the  center  toward  the  end  is 
out  of  action  and  there  is  tension  in  the 
other  diagonal;  this  will  be  illusiraied 
presently  by  an  example.  In  such  a  truss, 
the  diagonal  that  slopes  downwards  from 


34 


STRESSES  IN  BRIDGE  TRUSSES 


the  center  toward  the  end  in  tliat  panel  is  called  the  main 
diagonal^  and  the  other  the  counter.  It  is  necessary  to  find 
which  diagonal  is  in  action  in  each  panel  before  the  chord 
stresses  can  be  found;  this  can  be  determined  very  readily 
by  assumingf  that  the  stress  in  either  diag:ona]  is  tension  anf^H 
writing  the  expression  for  the  valne  of  the  vertical  component 
of  the  stress  in  that  diag-onal,  lakiny:  moments  about  the  inter- 
section of  the  two  chord  members  produced.  If  the  vertical 
component  comes  out  positive,  the  assumed  diagonal  is  in 
action;  if  negative,  the  other  diagonal  is  in  action.  As  in 
the  curved-chord  truss^  the  panels  in  which  counters  ar»A 
required  cannot  be  determined  directly  from  the  shears. 
I£  the  maximum  and  minimum  combined  stresses  in  any 
diagonal  are  found  to  be  tension,  no  counter  is  required  iofl 
that  panel;  if  the  maximum  is  found  to  be  tension  and  the 
minimum  compression,  a  counter  is  required.  It  is  only 
necessary  to  calculate  the  niinimum  stresses  in  the  diagonals! 
from  the  end  up  to  the  first  panel  in  which  a  counter  is  required; 
a  counter  is  required  in  all  panels  from  this  up  to  the  center 
and  the  minimum  stresses  in  the  diagonals  in  these  panels^ 
are  all  j^ero.     The  verticals  require  special  consideration. 


25.  Thi'oiierh  Truss, — Fig*  12  represents  a  through 
truss.  The  stress  in  the  hip  vertical  is  evidently  tension 
and  is  equal  to  the  load  at  its  lower  joint;  the  maximum  ten- 
sion is  equal  to  the  sum  of  a  dead  and  a  live  panel  load; 
the  minimum  tension  is  equal  to  a  dead  panel  load.  The 
maximum  stress  in  the  other  verticals  is  compression  and 
is  found,  in  the  same  way  as  for  the  curved-chord  truss,  by 
loading  all  joints  to  the  right  of  the  vertical  under  con- 
sideration. The  minimum  stress  in  the  center  vertical  is 
tension:  if  the  diajjonals  that  meet  at  its  lower  joint  are  inA 
action  for  full  load,  the  maxinuim  tension  is  equal  to  the 
sum  of  the  vertical  components  of  the  stresses  in  the  chord 
members  that  meet  at  its  upper  joint;  if  the  diagonals  that 
meet  at  its  upper  joint  are  in  action  for  full  load,  the  maxi- 
mum tension  is  equal  to  the  sum  of  the  dead  and  the  live 
panei  load  at  its  lower  joint.     The  naiuimum  stress  in  any 
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other  vertical  that  has  a  counter  adjacent^  obtains  when  the 
two  diagonals  that  meet  at  its  lower  joint  are  in  action. 
Then  the  vertical  components  of  the  stresses  in  the  chord 
members  that  meet  at  its  upper  joint  are  equal  and  opposite, 
and  the  stress  in  the  vertical  is  equal  to  serot  or  is  com^ 
pression  and  equal  to  the  dead  load  at  its  upper  joint,  if  any. 
The  minimmv)  stress  in  any  vertical  with  no  counter  adjacent 
may  be  found  by  loading  all  joints  to  the  left  of  the  member, 
including  the  joint  at  its  lower  end. 

26*  Deck  Ti'iiHw.  —  Fiji,  1-^  represents  a  deck  truss. 
The  raaximiun  stress  in  any  vertical  is  compression,  a«d  is 
found,  in  the  same  way  as  for  the  curved-chord  truss,  by 
loading  all  the  joints  to  the  rit^ht  of  the  member*  including 
the  joint  at  its  upper  end;  the  maximum  compression^  how- 
ever, cannot  be  less  than  the  sum  of  a  dead  and  a  live  panel 
load.  The  minimum  stress  is  also  compression,  and  is 
found  by  loading  all  joints  to  the  left  of  the  member;  the 
minimum  'compression  cannot  be  less  than  the  dead  panel 
load  at  the  upper  end  of  the  member. 

As  the  analysis  of  the  inclined-chord  truss  differs  in  a 
slight  degree  from  the  curved,  chord  truss,  the  following 
example  is  given  as  an  illustration. 


ll.I,DSTRATIVE    EXAMPLE 

27*  Oatu.  —  Fig.  12  represents  a  ten-panel  through 
inclined-chord  truss  with  dimensions  as  shown.  The  dead 
load  is  1,500  pounds  per  linear  foot  of  bridge;  one-third  of  it 
is  assumed  to  be  applied  at  the  joints  of  the  unloaded  chord. 
The  live  load  is  2,8()*!1  pounds  per  linear  foot  of  bridge.  The 
lenglhSt  in  feet,  of  all  the  members  are  shown  in  the  figure. 
In  what  follows,  the  maximum  and  minimum  stresses  in  all 
the  members  will  be  calculated  by  the  analytic  method. 


28 .     Pa  n  el    JjOaU s    nil il 
load  for  one  truss  is 

um  X  20 

2 


Reactions* — The   dead  panel 


ss  15,0tX>  pounds 
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of  which  5,(*00  is  applied  at  each  of  the  upper-chord  joints," 
and  10,00()  at  each  of  ihe  lower-chord  joints.     Each  dead- 
load  reaction  is  equal  to 
15,0tXI  X  9 


^  67,500  pounds 

□e  truss  is 

==  28,000  pounds 


2 
The  live  pare!  load  for  one  truss  is 

2.800x20 
2 
and  each  reaction  for  full  load  is  equal  to 

28,0W  X  9  ^  326.000  pounds 

39*  Counters  and  Hain  Dla^oiinls. — To  find  which 
diagonals  are  counters,  and  which  are  main  diagonals  in  the 
panels  near  the  center,  the  expression  for  the  vertical  com- 
ponent  of  the  stress  in  either  diagonal  for  dead  load  alon^H 
will  be  writien,  assuming  that  the  stress  is  tension;  if  the 
result  is  positive*  the  diagonal  for  which  the  vertical  compo- 
nent was  found  is  the  main  diagonal,  and  the  other  the  coun- 
ler;  if  negative,  then  the  diagonal  considered  is  the  counter. 
The  intersection  of  the  chords  is  six  panel  lengths  to  the 
left  of  a. 

Panel  ;?/.— The   member  Ef  will  be  assumed  in  tensioi 
Then,  the  vertical  component  in  E  i  \^ 

67.500  X  6  -  15.000  X  (7  +  8  H-  9  +  10)  ^  _  metiDg 

As  this  comes  out  negative,  Ei  is  the  counter  and  f  F  the 

main  diagonal.  ^| 

Panel  de, — The  member /?f  will  be  assumed  in  tension. 

Then  the  vertical  component  in  De  is 

67,500  X  B  -  15.000  X  (7  +  8  +  9)         .   46000  J 

As   this  comes   out   positive,   De    is    the   main    diagonal 
and  dE  the  counter,   if*  one  is  required   in  this  panel 
is  evident  that  Cd  and  Be  are  main  diacronals, 


he 

1 


1 


30.     Dcad-I^ond  Chord  Stresses*- — The  dead-load  chord 

stresses  are  found  as  follows,  the  horizontal  components  m 
the  inclined  members  being  found  first: 
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(67.500X2-  15,000  X  1)  X  20  ^  iqo  OOQ 
24 
[67.50QX  3-  15,000  X  (2  +  D]  X  20  ^  ^^g  ^^ 
27 
jy^  ^P  [67.500  X  4  -  15.000  X  (3  +  2+1)]  x20^  120  000 

3U 


From  tlie  fifjure, 


sec  H  ~ 


20.22 

20 


Therefore,  the  dead-load  chord  stresses,  computed  from  the 
horizontal  components  just  fonndj  are  as  follows: 

M&MUKR  ST£L£5S^  IN  PuLTNttS 

BC     .    .        .    .  lOll.fHK)  x  ^'"  =   +  101,100 
CD 116,700  X  ^'^]~^  =  +  IIS.OOO 


DE.EF 


120,000  X 


20.22 
20 


+  121.300 


.   ,  67,500  X  20  „.  ^^ 

a  by  be — *  —  -  -  —  =  —    64,800 

21 

cd      —  100.000  =  horizontal  component  \w  B  C 

d€      —  116,700  =  horizontal  component  in  CD 

/  [67,500X5- 15.000  X  (4  +  3  +  2  +  1}]  X  20 

=  -  ii:i,600 

31-  Live-Ldoaa  Cbord  Stresses. — The  live-load  chord 
ttreas^  may  be  conveniently  found  from  the  dead-load 
by  multiplying  the  latter  by  the  ratio  of  live  to  dead 
load,  which  ill  this  case  is  fSH,  or  \\. 

I     32.     Miiximiim  aiiU  MhiSmunt  CUc>rd  Stresses. ^The 

msnimum  stresses  in  the  chords  are  eqnal  to  the  dead-load 
stresses  just  given.  The  maximum  stresses  are  equal  to  the 
sum  of  the  dead-  and  live-load  stresses,  and  will  be  found  by 

2,800  +  1,500 


multiplying  the  former  by 
as  follows: 


1.500 


—   1  - 


I.     They  are 
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Mbmbbr  Maximum  Strbss,  in  Pounds 

B  C  101.100  X  II  =  +  289,800 

CD  118,000  X  If  =  +  338,300 

DE.EF  121,300  X  li  =  H- 347.700 

ab.bc  64,300  x  I*  -  -  184,300 

cd  100,000  X  If  =  -  286,700 

de  116,700  X  If  =  -  334,500 

ef  113,600  X  If  =  -  325,700 

33.     Dead-Lioad  Web   Stresses. — The   dead-load    web 
stresses  are  found  from  the  shears  and  the  vertical  compo- 
nents of  the  chord  stresses.     The  shears  are: 
Panel         Sbbar,  in  Pounds 
ab  67,500 

be  52,500 

cd  37,500 

de  22,500 

ef  7,500 

The  vertical   components   of   the  stresses   in   the   chord 
members,  found  by  multiplying  the  horizontal  components 

by  ^— ,  which  is  the  tangent  of  the  angle  that  the  upper  chord 

makes  with  the  horizontal,  are: 

Member        Vertical  Components,  in  Pounds 

BC 

CD 

DE.EF 
Now, 


100,000  X  l^  = 

15.000 

116.700  x|j  = 

17,500 

120.000  X  ^^-  = 

18,000 

CSC  Bab  =  ''If 

csc/?.^  =  29^^ 

^,         31.24 
<^«c  ^<^'  =     24      . 

C9,c  Dcd  ~ 

27 

csc/../=--^^ 
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The  dead-load, stresses  in  the  web  members,  when  the 
main  diagonals  are  in  action,  can  now  be  computed.  They 
are  as  follows: 

MsMBBR  Stress,  in  Pounds 

aB 67,500  X  ^f  =  +93,200 

Bb -10,000 

Be  ,    ,    .    .  (52,500  -  15,000)  X  ^^  =  -51,800 

Cc 42,500-15.000=  +27.500 

Cd  .    .    .  (37,600-17.500)  x  ^f~  =  -  26,000 

24 

Dd 27,500-17,500=  +10,000 

De  .    .    .  (22,500  -  18.000)  X  ^%f5  =  -    5,600 

Ee +    5.000 

eF   .    .    .  (18,000- 7,500)  X  ^f-  =  -12,300 

Ff -  10,000 

It  will  be  assumed  that  the  counters  c  D^  d R^  and  Ef  Sixe 
required.  Then,  the  dead-load  stresses  in  these  counters  and 
the  adjacent  verticals,  when  the  main  diagonals  Cd,  De^ 
and  tf/* are  left  out,  are  as  follows: 

Member  Stress,  in  Pounds 

Ee 12,500-18,000=  -    5,500 

Cc.Dd +    5,0(K) 

cD  .    .    .  (37,500-15,000)  X  ^^"'^P  =  +  28,000 

2/ 

dE.    .    .  (22,500 -17/>0())X '"**•***'=  +    6.000 

Ef...  (17.0(X)-    7,500)  X '^^^•^*'  =   +11.400 
Fi 17,000  +  2,500  =   -  ID.oiK* 

34.  lilve-Lond  W<»h  stresses. — The  maximum  live- 
load  web  stresses  are  obtained  most  readily  by  first  finding 

134—13 
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the  vertical  components  by  the  method  of  moments,  as 
explained  in  Art.  3,  and  then  multiplying  each  vertical  com- 
ponent by  CSC  //,  if  the  member  is  inclined  *  The  stresses,  in 
pounds,  are  as  follows: 

Maximum  live-load  stress  in  a  B^ 

126,000  X  t?  -  +  174,000 

Maximum  live-load  stress  in  Bb^ 

-28,000 

Maximum  live-load  stress  in  /?r, 

r28,000x(l4-  2J-  3  +  4  -F  5  -h  6  -f^  +_8)  x  f]  x  I* 

=  -  104,400 
Maximum  live-load  stress  in  Cc, 
28.q002<  (1_+  2  -h  3  +  4H-^H-  6+ 2)  x  f  =  +  58  800 


Maximum  live-load  stress  in  Cd^ 

[28,000  X  (1  +  2  +  3  +  4  +  5  +  6  +  7)  ,,  «K,  31.24 

L  "  10 

=  -  es.ooo 

Maximum  live-load  stress  in  Dd, 


7)       «]       31.2 
^^"J^     24 


28,000  X  ( 1  -f  2  +  :j  +  4  +  r,  +  0)  ^  n  ^  _^  jjjj  200 

Maximum  live-load  stress  in  De, 

[28.000  X  fl  +  2  4-  3  +  4  +  5  +  6)  ^   ,  ]  ^  33.00 
[  10  "    ^""1^     27 

=  -  43.i)00 

Maximum  live-load  stress  in  Et\ 

2S,OOOX  (1+^2  +  3  +  4 +  0)^,^^^25,200 


Maximuin  live-load  stress  in  /f/. 

2.S,000  X  (1  +  2  +  ;i  +  -H- '))  ^, 
10 


X  "^^  =  -  27,5(X) 
•">0 
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Maximum  live-load  stress  in  Ff, 

28,000X0.+  2  +  3  +  4)  ^  ^  ^  ^  ^^^ 

Maximum  live-load  stress  in  Fe'  (Fe), 
p.0OO.X(l_t  2  +  3  +  4)  ^  ^^  j  X  ?||?  =  _  52,400 

Maximum  live-load  stress  in  £'V. 

28.000  Xl|+2+J.)  X  -HI  =  +  26.900 

Maximum  live-load  stress  in  E d!(Ed)^ 

[28,000  X  (1  +  2  +  3)  ^  i  J  ^  36.06  o^  q^ 

Maximum  live-load  stress  in  £yc^{Dc), 

|-2MgP.^_(l+ 2J  ^  ,,J  ^  3||p  ^  _  20.900 

In  case  counters  are  not  required  in  the  panels  dc,  cd, 
and  ife^  it  is  necessary  to  know  the  minimum  live-load 
stresses  in  the  members  adjacent  to  those  panels.  For  this 
reason,  they  will  be  calculated  now.     They  are  as  follows: 

-,  Minimum  Live-Load  Stress, 

Members  .,  ■ 

IN  Pounds 

BS 0 

Be  ,    .    .\    ,    .  p^^>^-ix¥lx«  =  +    7,700 

Cc 2M00x(l+^^.^.^_lg^^00 


Cd 

*  •           10"        ^  M 

X 

24 

=  +  19,400 

Dd 

28.000X  (1  +  2  +  3) 
10 

X^9^    = 

=  -  29.900 

De 

[28,000x(l  +  2  +  3)..  »«: 
10             ""^^^ 

X 

33.60 
27 

=  +  33,400 

42 


STRESSES  IN  BRIDGE  TRUSSES 


35.  Maxinium  und  Minimum  Combined  Web 
Stresses. — The  ^maximum  and  minimum  web  stresses  due 
to  combined  live  and  dead  load  are  as  follows: 


Member 

Maximum 

Live- Load 

Stress 

Minimum 

Live- Load 

Stress 

Dead-I^ad 
Stress 

Dead-Load 
Counter 
Stress 

Maximum 

Combined 

Stress 

Minimum 

Combined 

Stress 

aB 

4- 174,000 

+  93.200 

+  267,200 

+  93,200 

Be 

—  104,400 

+    7.700 

-  51.800 

—  156,200 

-  44,100 

Cd 

-    68,000 

+  19.400 

—  26,000 

-    94,000 

—    6,600 

De 

-    43.900 

+  33.400 

-    5»6oo 

-    49.500 

+  27,800 

Ef 

-    27,500 

+  11,400 

—    16,100 

Fe 

-    52,400 

—  12,300 

-    64.700 

Ed 

-    35»900 

+    C,ooo 

-    29.900 

Dc 

-    20,9do 

+  28,000 

+      7.100 

Bb 

—    28,000 

—  10,000 

-    38,000 

—  10,000 

Cc 

+    58,800 

-  16,800 

-f  27,500 

+    86.300 

+  10,700 

Dd 

+    39.200 

+  10,000  :  H-    5,000 

+    49.200 

+    5.000 

Ee 

+    25,200 

+    5.000 1  -    5.500 

+    19,700 

+    5,000 

E'e' 

+    26,900 

+        500 

+    27,400 

Ff 

—    28,000 

+  15.300 

—  10,000 

-  19,500 

-    38,000 

-     4,200 

It  is  found  that  the  stress  in  Ff  due  to  a  full  live  load  is 
numerically  jrreater  than  that  previously  found  for  partial  load. 

Since  a  counter  is  required  in  panel  de,  there  will  be  no 
live-load  tension  in  the  vertical  D  d\  for,  when  the  joints  to 
the  left  of  d  are  loaded,  the  counter  d E  will  be  in  action, 
and  the  stress  \xi  Dd  \%  then  the  dead  load  of  .5,000  pounds 
at  D.  The  stress  in  E'  t^  for  loads  at  d\  c' ,  and  b'  is  found 
to  be  greater  than  that  \n  E  f  for  loads  from  /  to  b^ . 


EXAMPLES     FOR     PRACTICK 

1.     In  Fig.  14  is  represented  an  eleveu-panel   inclined-chord  truss 

¥ r' 

if 


L n Panctg  fii  18  feet mJ98  feet 

Fid.  H 
vrith  dimensions  as  shown.     The  dead  load  is  1,500.  and  the  live  load, 
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2,800  pounds  per  linear  foot  of  bridge,  one-half  of  the  load  being 
carried  by  one  truss.  Assuming  that  one-third  of  the  dead  load  is 
applied  at  the  joints  of  the  unloaded  chord,  find  the  maximum  com- 
bined stresses  in  the  diagonals  De  and  dE, 

(Member    Stress,  in  Pounds 
De  -62,000 

dE  -  24.900 

2.  Referring  to  the  same  truss  as  in  the  preceding  example,  find 
the  maximum  combined  stress  in  the  chord  member  D E. 

Ans.  +366,200  lb. 

3.  For  the  truss  referred  to  in  the  preceding  example,  determine 
the  maximum  and  minimum  combined  stresses  in  Ei. 

(Stress,  in  Pounds 
Maximum      Minimum 
+  23,700         +  4.500 


36. 


THE  PETIT  TRUSS 
Description. — When   the   method  of    subdivision 


tised  in  the  Baltimore  truss  (Stresses  in  Bridge  Trusses ^  Part  2) 
is  applied  to  the  simple  type  of  curved-chord  truss,  as  shown 
xn  Figs.  15  and  16,  the  truss  is  called  a  Petit  truss.  This 
form  of  truss  is  well  adapted  to  long  spans,  being  very  eco- 
X3omical,  and  is  at  present  the  standard  type  of  bridge  truss 
in  America  for  the  longest  spans  in  which  simple  trusses  are 


.  /       »       »       •       A       p      ./ 

U ., lePaneia  &  le  /eetmgse/eet^ 

Fic.  15 

used.  One  of  the  longest  simple-truss  spans  ever  built  is 
composed  of  Petit  trusses  675  feet  center  to  center  of  end 
supports,  and  130  feet  center  to  center  of  chords  at  the 
center  of  the  truss.  For  very  long  spans,  such  as  this,  the 
modem  tendency  is  toward  the  use  of  very  long  panels, 
those  in  the  bridge  mentioned  being  greater  than  50  feet. 
Either  substruts,  as  in   Fig.  15,  or  subties,  as  in  Fig.  16, 
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i5;e<];  the  latter  t- 


ised  when  it  is  desired  lo 


may  i 

iTiake  all  the  diatjouals  tension  members*  In  both  types, 
the  short  venieals  tlivide  ihe  loaded  chord  (in  this  ease 
the  lower  chord)  and  the  main  diagonal  into  two  equal 
parts:  the  short  tiiagonals  are  run  frt>m  the  inter.section  of 

I  the  short  vertical  and  main  diagonal  to  the  opposite  chord, 
and  therefore  are  not  in  straight  lines  with  the  respective 
counters, 
37*  Mvthuil  of  Calculation.— The  method  of  analysis 
is  precisely  the  same  as  for  the  Baltimore  and  the  curved- 
chord  trnss,  and  the  student  should  be  thoroughly  familiar 
with  these  trusses  before  attempting  the  analysis  of  the  Petit 
irtuis.      It  will  be  impossible,  however,  for  him  to  make  a 

•  mistake  if  he  applies  the  conditions  of  equilibrium  correctly. 
In  case  of  doubt  regarding  the  stress  in  any  member,  the 
following  steps  should  be  taken  in  order: 

tl.      C&nsidfr  ike  loadiftg  that  prod mes  ihe  desired  stress^ 
2.     Deiermim:  wkkh   members  art  in  attion  tor  ikat  loadivg. 
3-     Consider  the  truss  mi  into  iwo  parts  by  a  surface  that 
I      inf^rsefts  (he  member  in  which  ihe  stress  is  desired^  and  not 
more    than    iwo    other    members    in     which    ihe    stresses    are 

14.  Consider  the  pari  of  ihe  truss  oji  one  side  of  ihe  cttiting 
^urfaee^  drawitij^  a  figure  represe7itin,^  this  part  if  mr^ssary, 
reptaeittg  by  external  forces  the  stresses  in  ihe  members  tut. 
fl.  Apply  such  equation  or  equations  of  equilibrium  io  the 
pari  emisidered  as  wilt  give  ihe  desired  stress  in  the  niast 
tonvenicni  way. 
To  illustrate  ihe  method  of  calculation,  the  stresses  will  be 
found  in  the  forni  of  truss  having  subties,  as  represented  in 
Fig.  16.  This  is  a  sixteen-panel  through  Petit  truss  with 
dimenftinn!>  as  shown.  The  dead  load  will  be  taken  as  2,400, 
and  the  live  load  as  8.0CK),  pounds  per  linear  foot  of  bridge, 
one-half  beingr  carried  by  one  truss.  One-third  of  the  dead 
load  will  be  assumed  to  be  applied  at  the  tipper  and  inter- 
mediate joints.  The  lengths  of  all  the  inclined  members 
are  given  in  the  figure. 
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38.     Panel  Jjoads  and  Reactions. — The   dead   panel 
load  for  each  truss  is 

of  which  14,400  pounds  is  applied  at  each  of  the  lower- 
chord  joints,  and  7,200  pounds  at  each  of  the  upper  and 
intermediate  joints  B^  C,  Z>,  E^  etc.  Each  dead-load  reaction 
is  equal  to 

21,600  X  15 


2 

The  live  panel  load  for  each  truss  is 
3,000  X  18 


==  162,000  pounds 

Lch  truss  is 

=  27,000  pounds 


2 

and  each  live-load  reaction  for  full  load  is 

27^000  Xi5  ^  202,500  pounds 


ANAI-YTIC    MKTHOD 

39.     Chord  Stresses. — In  the  panels  ^/,  fg^  gk,  and  h  t\ 

the  main  diagonals  EFgaud  G  Hi  and  the  short  diagonals  FG 
and  ///  are  in  action  when  there  is  no  live  load,  and  when 
there  is  a  full   live  load  on  the  truss.     The  dead-load  chord 
stresses,  in  pounds,  are  as  follows: 
Stress  in  a  b  and  be, 

16_2.0()0  X  IS  ^   _  ^ 
10.5 
Stress  \ii  cd  and  dc, 

(162/)0O  X  2  -  21,600  XJJ_X  18  ^   _  1^4  <^^ 

Stress  in  cf  and  /.c. 

[162.000  x_4  -  2Kr>()0  x  (3  +  2  -fl)]  x_18  ^   _  237  eoO 

Stress  in  gh  and  //  /", 

[162,000  X  6  -  21 .600  x  (5  +  4  +  3^  2  +  l)]x  18 
'      '    '       46 

-   -253,000 


STRESSES  IN  BRIDGE  TRUSSES 


47 


lOQ 


Stress  in  CE^ 

[162.U00  X  4  -  21,600  X  (3  4-  2)]  Xl8  ^ 
41  ^ 

=  237,100  X  ?^f  ^  =  +  242,900 
36 


36.88 
36 


=  262»000  X 


-h2fi4,500 


Stress  in  EG, 

[1(j2JJ(X)x6-21,60Qx  (5  +  4H-3  +  2)]x  18      36.35 
46  36 

36.35 
36 
Stress  in  GI, 

[162,000  X  8  -  21.600  x  (7  +  6  +  5  -j-  4  +  3  +  2)]  X  18 

48 

X  ^^-  =  267,300  X  5^  -  +  267,700 
oo  36 

The  Uve-Ioad  chord  stresses  may  be  found  by  multiplying 
the  foregoing  stresses  by  iW,  or  t* 

40.     Maximum      and      Mfnlmi^ni     Chord     Stresses. 

The  dead-load  stresses  just  given  are  the  minimum  stresses. 
The  maximum   combined  chord  stresses  will  be  found  by 

3,000  +  2,400        9 


multiplying   the   minimum    stresses   by 


24 


Maximum  Stress,  in  Pounds 


They  are  as  follows: 

Mkmi*er 
a  Ik  iff 
cdt  de 

ghy  hi 
CE 
EG 
Gl 

41.  Duud-r^nail  Web  Stresses. — The  dead-load  stress 
in  each  of  the  subverticals  Bb,  Dd,  Fi,  and  Hk  is 
—  14,400  pounds. 

I.  Short  Diagonah. — As  the  short  diagonal  in  any  panel 
does  not  make  the  same  angle  with  the  horizontal  as  the 
main  diagonal  to  which  it  connects,  its  stress  will  not  be 
equal  to  the  product  of  one-half  the  load  at  an  intermediate 


176,700  X  ? 
lH4,U00x  ? 
227,600  X  f 
253. 60(^  X  1 
242,900  X  * 
264,500  X  ? 
267,700  X  f 


-  397,600 

-  371,000 
-512,100 

-  570,600 
H-  546..5O0 
+  595.100 
+  602,300 
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joint  and  the  cosecant  of  the  angfle  H,  as  in  the  case  of  the 
Baltimore  truss.  This  stress  is  found  most  easily  by  con- 
sidering one  of  the  intermediate  joints,  such  as  D.  The  forces 
that  act  at  joint  D  are  shown  in  Fig.  16  {b)\  S\,  the  stress  in 
the  short  diagonal,  may  be  replaced  at  E  in  its  line  of  action  by 
its  vertical  and  horizontal  components  Sy  and  .S"*^,  respectively. 
If  the  center  of  moments  is  taken  at  r,  the  moments  of  S„  5",, 
and  Sy  will  all  be  zero;  and  the  equation  of  moments  is: 
I'M  =  (5.  +  m  18  -  S.  X  41  =  0; 

whence  5.  =  (-^' -+ ,^^-X-i-« 

41 

Then, 

r.   _  (5.  H-  «/)  X  18  ^  30.40  _  (5.  +  W)  X  30.40 

^•"      "       41 ^    18"  "■  41 

o„H       o   _  (5.  +  ^  X  18  ^  24.5       (5.  H-  IV)  X  24,5 
and      Sy ^^ X  -  j3-  = ~ 

From  these  equations,  the  following  principle  may  be 
stated: 

T/te  dead-had  stress  in  a  short  diaj^onal  of  the  Petit  tniss  with 
subties  is  equal  to  the  sum  of  tfie  stress  in  a  short  vertical  and  the 
dead  load  at  an  intermediate  joint,  multiplied  by  the  ratio 
of  the  length  of  the  short  diagonal  to  the  heii^ht  of  the  truss  at 
the  point  7vheir  the  short  diagonal  joins  (he  rhord:  also,  the  ver- 
tical component  of  the  stress  in  a  short  diagonal  is  equal  to  the 
sum  of  the  stress  in  a  short  vertical  and  the  dead  load  at  an 
iniermediale  joint  multiplied  by  the  ratio  oi  the  vertical  projection 
of  the  short  diaj*onal  to  the  height  of  the  truss  at  the  point  "ahcre 
the  short  diax'onal  joins  the  chord. 

The  dead-load  stresses  in  the  short  diaj^onals  are  as  follows: 

MEMHIiK  iJliAD-LoAD  SlKKSS.    IN   1*<H'N1)S 

A'y-         (14.400  +  7,200)  X  ^'i'.*^  -   +  10.000 
/>/:'       (14,400  +  7,200)  X  '  -    -  KI.IXX) 

P'd        (14.400  +  7.200)  X  "'''"^   =   -  14.700 

4n 

///        (14.400  +  7.200)  X  '***;^^   --   -  13.900 

48 
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2.  ^fain  Diagonals. — The  dead-load  stress  in  a  main 
diag:onai  is  found  by  multiplying  the  algebraic  sum  of  the 
shear  and  the  vertical  components  of  the  stresses  in  the  other 
inclined  members  in  the  panel  in  which  the  member  is  located, 
by  the  cosecant  of  the  angle  that  the  main  diagonal  makes 
with  the  horizontal. 

The  vertical  components  of  the  stresses  in  the  inclined 
chord  members  are: 


Mbmbek 


Vertical  Component, 
IN  Pounds 


CE  237,100  X  -h  =  52,700 

EG  262,000  X  A  =  36,400 

GI  267,300  X  A  =  14,900 


The  shears  are  as  follows: 
Panbl 


Shear, 
in  Pounds 


ad  162,000 

dc  140,400 

cd  118,800 

d€  97,200 

The    vertical   components   of   the    stresses   in   the   short 
diagonals   are   as   follows: 


Shear. 

ANBL 

IN  Pounds 

ef      ' 

75,000 

ig 

54,000 

gh 

32,400 

hi 

10.800 

Memiikr 


Verticai-  Component 
OF  Stress,  in  Poi;nijs 


Be  21,600  X  ^^;^  -  10,800 

DE        21,600  X^"^"''  =   12.900 
41 

FG        21,600  X  ^''"'*  =  12,000 
4(» 

///         21.600  X  Th      =  11.300 

The  dead-load  stresses,  in  pounds,  in  the  main  diagonals 
are  as  follows: 

Dead-load  stress  in  a  //, 

162,000  X  ^'*"'*^  -  162,(X}()  X  1.48  =  +  239,800 
Ib.o 


60  STRESSES  IN  BRIDGE  TRUSSES 


Dead-load  stress  in  B  C, 
140,400  +  10,800)  X  ^^-^ 
Dead-load  stress  in  C Dy 
(118,800- 52,700)  X^ 
Dead-load  stress  in  De^ 

-86,000 


(140,400  +  10,800)  X  ^^t-  =  151,200  X  1.48  =  -h  223,800 
16.5 


(118,800  -  52,700)  X  ^^-^  =  66,100  X  1.48  =  -  97,800 
16.5 


(97,200  -  52,700  +  12,900)  X  ~  t4^  =  57,400  X  1.48 

16.5 


Dead-load  stress  in  EF^ 
(75,600- 36.400)  X-~ 
Dead-load  stress  in  /%^, 


(75,600  -  36.400)  X  -~^^  =  39,200  X  1.33  =  -  52.100 
20.5 


(54,000  -  36,400  +  12,000)  X  |^  =  29,600  X  1.33 

=  -39,400 
Dead-load  stress  in  G//, 

(32,400  -  14,900)  X  -^^f^  =  17,500  X  1.27  =  -  22,200 

Dead-load  stress  in  ///, 

(10,800  -  14,900  +  11,300)  X  ^^,f  ^  =  7,200  X  1.27  =  -  9,100 

3.  Lo?i^^  Verticals. — The  stresses  in  the  long  verticals  are 
found  by  considering  the  lower  joint  of  each  vertical  as  a 
free  body.     They  are  as  follows: 

Member  Dead-Loai*  Stress,  in  Pounds 
Cc  10,800  +  14,400  =  -  25,200 
Ee  57,400  -  14.400  =  +  43,000 
Gg  29,600-  14,400  =  +  15,200 
//  7,200  -  14,400  +  7.200  =  0 

The  fact  that  the  stress  in  the  middle  vertical  //'  is  equal 
to  zero,  when  there  is  no  live  load  on  the  truss,  is  not  a 
general  property  of  the  Petit  truss;  it  occurs  in  this  case 
simply  because  the  sum  of  the  vertical  components  of  the 
stresses  in  the  two  diagonals  ///  and  ///'  that  meet  at  the 
lower  joint  of  the  vertical,  is  equal  to  the  dead-panel  load  at 
its  lower  joint. 
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42.  Live-Load  Web  Stresses. — 1-  The  inaximnni 
live*load  stresses  in  the  hip  vertical,  short  verticals,  and 
short  diagonals  are  as  follows: 

Member  MAXIMUM  LlVE-Lo^n 

MEX0ER  STKESS.    tN   POLTNDS 

Bb,  Dd.Ff,Hh  -27AX) 

Cc  27.000  4-  13,500  =  -  40,500 


Be 

27,000  X  --^-^    =  +  20,000 

DE 

27.000  X  ^^    =  -  20,000 

FG 

27.000  X  "^^    =  -  18,300 

HI 

27.000X^^:5     -       17,300 

48 

2,  Main  Dia^^onais, — The  maxiinnm  live-load  stresses  in 
aB,  CD,  E F,  and  GH  occur  when  the  live  load  extends 
from  the  right  end  up  to  the  joints  b^  r/,  /,  and  //,  respectively. 
The  stress  in  a  B  may  be  found  directly  from  the  reaction 
for  full  lo,ad;  the  stresses  in  the  other  members  may  he 
found  by  the  method  of  moments.  The  upper-chord  mem- 
bers CF,  EG^  and  G  /  produced  intersect  the  lower  chord 
produced  at  points  distant  6.2;},  12.4,  and  40  panel  lengths  to 
the  left  of  a,  respectively. 

In  calculating  the  left  reaction  due  to  a  partial  live  load  on 
the  truss,  it  is  well  to  note  that  the  sum  of  all  whole  numbers 

w  i  n  -i-  1  ^ 

from  I  to  n  is  equal  to  —     7^ — -\  for  example,  if  all  the  joints 

A' 

from  b*  to  h  are  loaded,  n  =  9;  and  the  sum  1+2  +  3  +  4  +  5 


+  6  +  7  +  8  +  9  = 


fix(9  +  l) 


=  45,     Then,  in  finding  the 


left  reaction  for  this  loading^,  the  expression  may  be  written 

9X(9  +  1) 
2 


27,000  X 


10 


instead  of 


27.000  x(l+2  +  3  +  4  +  5  +  6  +  7  +  8  +  9) 
16 
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The  stresses  in  aB^  CD^  EF,  and  GH  Sive  as  follows; 

vr<>w„»i>  Maximum  Livb-Load 

"^'^""^^  Stress,  in  Pounds 

aB 202,500  X^t-=  +299,700 

16.5 

27  (KX)  y       ^  ^      4'_i  J 

^  n 2  6.25     24.42  _      ,00  ^nn 

^  ^ 16 ^  1025  ^  16:5"  -  "  ^^^'^ 

27,000  xiLX  (11  +  1.) 

^/-  . ^ — Xi8rMoS  =  -  ^^'^ 

27,000  X?^X-(|-+-^^- 
G^.    .    . _^_x|-Ox?|f=-    80.400 

The  maximum  stresses  in  B  C,  De,  Fg^  and  Hi  occur 
when  the  right  end  of  the  truss  is  loaded;  the  live  load  will 
extend  at  least  as  far  as  c^  e^  gy  and  /,  respectively;  whether 
or  not  b,  d,  /,  and  h  must  be  loaded  will  be  determined  by 
trial.  When  the  correct  loading  for  any  member  has  been 
found,  the  stress  may  be  calculated  by  multiplying  esc  H  by 
the  vertical  component  of  the  stress  found  by  applying  the 
equation  ^  Y  =  2'  S  sin  //  =  0  to  all  the  forces  that  meet 
at  the  intermediate  joint  at  the  end  of  the  member,  or  to  the 
stresses  in  all  the  members  cut  by  a  vcrtiL-al  plane  of  section 
that  intersects  the  member  under  consideration.  The  former 
method  is  shorter  for  Dc,  Fg,  and  ///;  the  latter  for  />  C. 

For  the  member  7?  C,  a  panel  load  will  be  tried  at  /'.  This 
load  alone  would  cause  a  negative  shear  in  panel  be  equal  to 
1,700  pounds,  and  compression  in  /?r,  the  vertical  component 
of  which  would  be  1.3,500  pounds.  Then,  the  load  at  b 
would  cause  a  stress  in  BC  ecjual  to 

(1.3.500  -  1,700)  X  esc  JI  =^   +  ll.SOO  esc  H 

As  this  is  compression,  the  maximum  compression  will 
occur  when  the  truss  is  fully  loaded.  For  this  loading,  the 
stress  in  /?  C  is 

(175,500  +  i:j,500)  X  "■^'■*"  =   +  270,700  pounds 
10.-) 
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For  the  member  De,  a  panel  load  will  be  tried  at  d.  This 
load  alone  would  cause  tension  in  CD  and  D  E^  the  vertical 
components  of  which  are: 

27.000  >03  ^  ^6,25   ^  ^^ ^^  .„  ^^ 
16  10. 2o 

and  27,000  X  ^^'^  =  16,100  m  D  E 

41 

Applying  the  equation  2'  K  =  -1' 5  sin  //  =  0  to  the  forces 
acting  at  the  joint  /?,  and  multiplying  the  result  by  esc  H 
gives  —  2,500  esc  H  for  the  stress  in  T^^'  that  would  be 
caused  by  a  load  at  d.  As  this  is  tension,  the  maximum 
tension  in  De  will  occur  when  the  truss  is  loaded  from  the 
right  end  up  to  d.  For  this  loading,  the  vertical  component 
in  CD  is 

27,000X  ^^-^^^^"'■^^- 

iH ^  loS  =  ''''''  ^^^^^' 

Applying  the  equation  2'  K  =  2'5  sin  //"  =  0  to  the  forces 
acting  at  the  joint  /?,  and  multiplying  the  result  by  esc  //, 
gives,  for  the  maximum  stress  in  /)e, 

(93,600  +  16,100  -  27,000)  X  '^^^l^?  =  -  122.400  pounds 

li>.y 

For  the  member  Ex',  a  panel  load  will  be  tried  at  /.     This 

load  alone  would  cause  tension  in  EE  and  EG,  the  vertical 

components  of  which  are: 

27,000  X  11  ^  12.4        ,2,500  in  >-^        • 
Id  1H.4 

and  27,000  X  *'^f;''*  -  lo,000  in  EG 

46 

Applying  the  equation  1'  }'  =  ^'.S*  sin  //  =  0  to  the  forces 
acting  at  joint  /•'  and  multiplyinj.^  the  result  by  esc  //, 
ttives  —  500  CSC  //  for  the  stress  in  E^i^  that  would  be 
caused  by  a  load  at  /.  As  this  is  tension,  the  maximum 
tension  in  E^*^  will  occur  when  the  truss  is  loaded  from  the 
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right  end  up  to  /,     For  this  loading,  the  vertical  component 

in  ^^is 

27,000  x">^(-"+ A) 

TT-^ X  tA  =  '^^>100  pounds 

16  lo.4 

and  the  stress  in  Fg  is 

(75,100  +  15,000  -  27,000)  X  ~^^  =  -  84,000  pounds 

For  the  member  Hi^  a  panel  load  will  be  tried  at  h.  This 
load  alone  would  cause  tension  in  GH  and  HI,  the  vertical 
components  of  which  are 

27,000  X9  X  4^  =  12,700  mGH 
16 

and  27,000  X  H  -  14,100  in  HI 

Applying  the  equation  IV  =  ^S  sin  //"  =  0  to  all  the 

forces  acting  at  the  joint  H,  and  multiplying  the  result  by 

CSC  H,  gives  +  200  esc  H  for  the  stress  in  Hi  that  would  be 

caused  by  a  load  at  //.     As  this  is  compression,  the  maximum 

tension  in  ///  will  occur  when  the  truss  is  loaded  from  the 

right  end  up  to  /'.     For  this  loading,  the  vertical  component 

in  G  H  is 

27,000  X^^^^*^+^' 

2  -  -  AiJ 


16 
and  the  stress  in  ///'  is 


X  M  =  50,600  pounds 


50,600  X  ^^f  ^  =  -  64.300  pounds 

3.  Main  J  cr/ica/s.- -The  maximum  stresses  in  the  verticals 
Be,  G,^.  and  //  occur  when  the  live  load  extends  from  the 
right  end  up  to  /,  //,  and  h\  respectively.  When  the  live  load 
extends  up  to  /,  there  is  no  load  at  d  and  the  live-load  stress 
in  /^  A'  is  zero.  Then,  if  the  truss  is  considered  cut  by  a 
plane  that  intersects  CE,  D R,  Ee,  and  el,  there  will  be  but 
three  unknown  stresses,  and  the  stress  in  Ec  may  be  found 
by  taking  moments  about  the  intersection  of  CE  and  el.  In 
like  manner,  the  stress  in  (i}i  may  be  found  by  taking 
moments   about   the  intersection  of  EG  and  gh^  and  that 
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in  //  by  taking:  moments  about  the  intersection  of  (J  /and  ih*. 
The  results  are  as  follows: 

Member  Maximum  Live-Load  Stress,  in  Pounds 

^'        iH xSS=+«^'^ 

G,  __2_x;2.4^  +51,200 


27,000  X  '^  ^^\  "*"  --^ 


//  — — ^ X  II  =  +  39,400 

16 

The  dead-load  stress  in  the  vertical  //  when  there  is  no 
live  load  on  the  truss — that  is,  when  both  main  diagonals  Hi 
and  i H'  are  in  action — was  found  in  3,  Art.  41,  to  be  zero. 
When  the  live  load  extends  from  h*  to  y,  the  position  that 
causes  the  greatest  live-load  compression  in  //,  the  main 
diagonal  i  H'  is  out  of  action,  and  it  is  necessary  to  find  the 
dead-load  counter  stress  in  //.  This  stress  can  be  most  easily 
found  by  considering  the  joint  /.  The  vertical  dead-load 
forces  that  act  at  the  joint  /  are  now  the  dead  panel  load  of 
14,400  pounds,  the  vertical  component  of  the  dead  load  in  Hi^ 
7,200  pounds  (2,  Art.  41 ),  and  the  stress  in  //;  the  latter  is 
7,200  pounds,  tension.  Then,  the  combined  stress  in  li  when 
the  live  load  extends  from  h'  to  b'  is  39,400  -  7.200  =  32.200 
pounds,  compression. 

43.  Counters  and  Minimum  Stresses  In  Main 
I>Iafronals. — To  find  the  panels  in  which  counters  are 
required,  the  minimum  combined  stress  will  be  calculated 
in  each  main  diagonal,  starting  at  the  left  end  of  the  truss. 
The  minimum  live-load  stresses  in  aB  and  BC  are  each 
equal  to  zero;  then,  the  minimum  stresses  are  the  dead-load 
stresses. 

The  minimum  live-load  stresses  xnC  D  and  /?<*  occur  when 
the  joints  b  and  c  are  loaded;  it  is  evident  that  a  load  at  d 
will  cause  tension  in  C D^  and  it  was  shown  in  Art.  42  that 

134—16 


66  STRESSES  IN  BRIDGE  TRUSSES  §6^ 

a  load  at  d  causes  tension  in  D  e;  then,  this  joint  and  all  to  th^^ 
right  of  it  must  be  unloaded.     As  there  is  no  load  at  </,  tb^^ 
live-load   stresses  in  Dd  and  DE  are  equal  to   zero,   an<^ 
the  live-load   stress  in  CD  is  equal  to  the  live-load  stress 
in  De.     Considering   the   truss    cut   by  a  plane   that    intei — 
sects  CEy  CD,  and  cd,  and  applying  the  equation  1'  A/  =  0  to 
the  forces  acting  on  the  part  of  the  truss  to  the  right  o^ 
this  plane,  taking  moments  about  the    intersection  of   C/^ 
andr^,  gives  the  minimum  live-load  stress  in  CD  and  Dr  as 
follows: 

The  dead-load  stresses  in  CD  and  De  are  equal,  respect- 
ively, to  -  97,800  and  -  85,000  pounds  (2,  Art.  41 ).  Then, 
the  minimum  combined  stresses  in  CD  and  De  are  as 
follows: 

Member  Minimum  Combined  Stress, 

IN  Pounds 

CD         -  97,800  -h  16,300  =  -  81,500 
De  -  85,000  +  16.800  =  -  68,700 

As  these  are  both  tension,  no  counters  are  required  in  the 
panels  rd  and  de. 

The  minimum  live-load  stresses  in  ^/-'and  /\ir  occur  when 
the  joints  /',  r,  d,  and  i'  are  loaded;  it  is  evident  that  a  load 
at  /will  cause  tension  in  E/\  and  it  was  shown  in  Art.  42 
that  a  load  at  /causes  tension  in  Fx';  then,  this  joint  and  all 
to  the  right  of  it  must  be  unloaded.  As  there  is  no  load  at  /. 
the  live-load  stresses  in  //-"and  Fd  are  eriual  to  zero,  and 
the  live-load  stress  in  A"/*'  is  equal  to  the  live-load  stress 
in  /\4''.  Considering  the  truss  cut  by  a  plane  that  inter- 
sects EG,  EE,  and  cf,  and  applyini^  the  equation  ^ Af  =  0 
to  the  forces  acting  on  the  part  of  the  truss  to  the  right  of 
this  plane,  taking  moments  about  the  intersection  of  EG 
and  t'/,  gives  the  minimum  live-load  stresses  in  /;/•'  and  Ej^ 
as  follows: 

27.000  X  (1+  2  -f-  .-^  +  4)  ^  2H.4  ^  27.2S        _^  ..  .^  , 
16 ><  18.4^  20.5    =  +'^^''^P^""^' 


I 
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The  dead-load  stresses  in  JSF  s:ad  Fg  are  equal,  respect- 
ively, lo  -  52.100  and  -  39.400  pounds  (2.  Art.  41 ).  Then. 
^e  minimtnn   combined   stresses   in   EF  and  Fg  are   as 

^t  Wirw«*«  Mixim™  CouaiNn>  Stiues», 

^^H  EF  -  52.100  +  34,700  =  -  ITJOO 

^^"^  Fg  -  39,400  +  34,700  -   -    4»700 

^"         As  these  are  both  lension.  no  counters  are  required  in  the 
Panels  e/  and  /g. 

The  minimum  combined  stress,  —  4.700  pounds,  in  Fg,  is 
so  smalls  and  the  minimum  combined  stresses  in  the  main 
diagonals  decrease  so  rapidly  as  the  center  is  approached, 
that  U  is  evident  that  the  minimum  combined  stress  in  G // 
will  come  out  compression.  Then»  gH  acts  as  the  lower 
half  of  the  counter  gH I;  G li  acts  as  a  short  diagonal  or 
subtle;  and  Hi  is  out  of  action,  as  represented  in  Fig,  IB  (r). 
As  the  lower  and  upper  halves,^// and ///,  of  the  counter 
gH I  are  not  in  the  same  ^straight  line,  the  stress  in  the 
sublie  cannot  be  found  by  the  principle  explained  in  Art*  41, 
but  requires  separate  consideration.  Applying  the  equa- 
tions 1 X  ^  IS  cosN  ^  0  and  IV^  ISsin  //  =  0  to  all 
the  forces  acting  at  the  joint  //,  as  represented  in  Fij;.  16 
id^,  letting  H'' represent  the  sum  of  the  loads  at  // and  A, 
and  assuming  that  the  stresses  in  g//y  G H,  and  ///  are 
tension,  the  following  equations  are  obtained: 

2'  K  =  5.  sin  /A  -  5»  sin  //,  +  S,  sin  N,  -  W  ^  0 

£  X  =  5.  cos  //,  +  5".  cos  //.  -  5",  cos  //»  =^0 

Substituting  for  the  trigonometric  functions  their  algebraic 

values,   and    making    the    proper    reductions,   the   foltowing 

vahies  of  the  vertical  components  of  St  and  5,^  in  terms  of 

the  vertical  components  of  5",  and  IVf  are  obtained: 


I 


^, +  Ai 


*j«»  ■'—  py*  A       —  -Jii*  ^ 


*D»^    — '    *-*•  '*^    i      ~    ^cT'^  ^*'f 


2 U 

h,  2 

2 


=   5..X:r^    - 


W 


2ht       2 


(1) 


ff 


h-h* 


"2  "^"^    ihV^ 
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The  stress  5,  may  be  found  most  readily  by  the  method 
of  moments*  taking  as  the  center  of  moments  the  intersection 
of  6^ /and  hi  produced,  which  is  at  a  distance  of  40  panel 
lengths  to  the  left  of  a^  and  considering  Sx  to  be  resolved 
into  its  vertical  and  horizontal  components  at  the  intersection 
of  its  line  of  action  HI  with  the  lower  chord,  this  intersection 
is  at  a  distance  equal  to  If,  or  .92,  panel  lengths  to  the  left 
of  A,  or  46.08  panel  lengths  to  the  right  of  the  center  of 
moments.  The  dead-load  counter  stresses*  in  pounds,  in 
gH^   GH^  and  HI  are  as  follows: 

Stress  in  //"/, 

162,000  X  40- 21.600  X  (41  +  42  +  43  +  44  +  45  -f  46  +  47) 

46.08 
..  30.81 


25  -^'^«^ 


Stress  in  GH^ 


(10,800  H-  3,750  X  A)  X  ^^f  ^  =  13,900 
Stresses  \ngH^ 

(-3,750  X  J3  -  10,800)  X  ^^f  ■^-  =  -  18,300 

In  writing  these  equations,  it  was  assumed  that  the  stresses 
in  ///,  GHy  and  x'// were  tension;  the  negative  results  in 
HI  and  g H  indicate  that  the  dead-load  counter  stresses  in 
those  members  are  compression. 

The  maximum  live-load  stress  in  ///,  when  it  is  a  counter, 
occurs  when  the  live  load  extends  from  b  to  //,  and  is  as 
follows: 

27,0(30  X^>^^^„+^>- 

nH—  X  4^8  X  If  =  -  "'^'^  p-"-^^ 

For  the  maximum  tension  in  gll,  it  is  evident  that  the 
live  load  should  extend  from  the  left  end  at  least  as  far  as 
joint.i.'-;  whether  or  not  joint  //  should  be  loaded  will  be  deter- 
mined by  trial.  A  live  panel  load  at  //  alone  would  cause  a 
tension  in  ///,  the  vertical  component  of  which  is  equal  to 

27,000  X  i'.  X  ,-?,,,  -  14,400  pounds 
46.08 
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;nd  a  stress  Inx^i  tiie  vertical  component  of  which  is  found 
t>y  applying  formula  1  and  is  equal  to 

14.400  X  H  -  13.500  =  3O0  pounds 
As  this  comes  out  positive,  the  stress  in  g H  -wiW  be  ten- 
sion, and  for  the  maximum   tension   in  gH  the  joints  t  to 
should  be  loaded.     For  this  loading,  the  live-load  stress 
\ngH  is  equal  to 

(57,400  X  15 


13,500}  X  "^f"  =  41,600  X  1.27 
AS 


=   -  52,800  pounds 
The  maximum  live-load  stress  in  G // as  a  main  diagonal 
sffAs  found  in  Art.  43.     Now,  if  the  truss  is  loaded  from 
b  to  gi  the  vertical  component  of  the  stress  in  ///  is  equal  to 

27.000  X^^-'-^^^ 

*"  *^    ^  "^  ly  eft 

16-^ X  ills  =  ''-'''  P"™'^'' 

and  the  minimum  live-load  stress  in  G  H  \s  equal  to 

(0- 43.100  X7fe)X?|^  -  -  2,200  poimds 

As  this  comes  out  negative,  the  minimum  live-load  stress 
in  G  N  is  compression, 

44,  Mluiniiim  9ti*esi5e*ii  In  the  Verticals, —The  mini- 
mum live-load  stresses  in  the  hip  vertical  Cr,  and  in  the 
short  verticals  B b^  D  d,  /*"/,  and  //A,  are  equal  to  zero.  The 
minimum  live-load  stresses  in  the  main  verticals  Ee^  Gg^  and 
//  are  tension;  the  loadings  that  cause  the  minimum  stresses 
in  these  members  are  determined  by  trial. 

Vertical  B  €. — It  is  first  necessary  to  consider  the  loading 
that  will  probably  cause  the  maximum  tension  in  the  ver- 
tical Et.  In  An,  42*  it  was  found  thai  the  maximum  com- 
pression occurs  when  all  the  joints  from  ^  to  /"are  loaded; 
therefore,  for  the  maximum  tension  these  joints  should  b^ 
unloaded.  In  finding  the  stress  in  Be  due  to  loads  at  the 
left  end*  the  truss  may  be  considered  cut  by  a  p^ane  that 
intersects  C E^  D  E^  Ec,  and  ^-Z.     Live  panel  loads  at  b  and  c 

27,000  x(l  -f  2) 


cause   a   right   reaction   equal   to 


16 


Then, 
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taking  moments,  about  the  intersection  of  CE  and  ei,  of  all 
the  forces  acting  on  the  part  of  the  truss  to  the  right  of 
the  plane  just  mentioned  (the  stress  va  D E  being  equal  to 
zero)»  the  stress  in  Ee  due  to  live  loads  at  b  and  c  only  is 
27.000  X  (1+  2)  ^  22.25  _       „  ^^  ^^„„  ,^ 

Now,  if  any  more  joints  to  the  left  of  e  are  loaded,  it  will  be 
seen  that  a  panel  load  at  d  tends  to  cause  compression,  and 
at  e  tension,  in  E€\  the  stress  that  would  be  caused  by  both 
of  these  together  will  be  found,  as  it  will  be  assumed 
impossible  to  have  a  full  live  load  at  e  and  no  load  at  d. 
It  will  be  convenient  to  apply  the  equation  2'  K  =  0  to  all 
the  forces  acting  on  the  part  of  the  truss  to  the  right  of  the 
plane  of  section  just  mentioned. 

Thus,  the  right  reaction,  acting  upwards,  is 
27.000_x(3  +  4)^,    3^ 
16 
The  vertical  component  in  C E,  acting  upwards,  is 
27,000  X  (12  t  IS)  ^  4  X  18  ^  ^,  ^  ^^^^  ^^^^.^ 
lo  41 

The  vertical  component  in  D  E^  acting  downwards,  is 

27,000  X  -  •'-  =  16,1(:K)  pounds 
41 

Then,  the  live-load  stress  in  Ee  due  to  loads  at  d  and  e  is 
equal  to 

11,800  4-  Ifi.oOO  -  16,100  =  12.200  pounds,  tension 

Adding  this  value  to  the  tension  due  to  loads  at  b  and  c 
gives  2.S,200  pounds  for  the  maximum  live-load  tension  in  Ee. 
The  dead-load  stress  in  Ec  is  equal  to  -f-  i'j.OOO  pounds; 
then,  the  minimum  combined  stress  is 

4.S,000  -  23,200  =  +  19,800  pounds 

Vertical  Gg. — It  was  shown  in  Art.  42  that,  for  the  maxi- 
mum compression  in  6'.^,  the  joints  //  to  //  must  be  loaded. 
Then,  for  the  maximum  tension,  these  joints  must  be 
unloaded.  There  are  two  conditions  when  the  joints  at 
the  left  end  of  the  truss  are  loaded  that  need  to  be  con- 
sidered; namely,  when  Gil  is  in  action  as  a  main  diagonal, 


STRESSES  IN  BRIDGE  TRUSSES 


61 


I 
I 


and  when  g H  H  in  aclicin  as  a  counter.  The  vertical  com- 
ponent of  the  dead'Ioad  tension  in  G H  as  a  main  diagonal  is 
equal  to  17»oOn  pounds.  Live  panel  loads  at  b^c^d,  etc. 
decrease  the  dead-load  tension  in  G  H  until  the  live-load 
compression  in  C H  is  greater  than  the  dead-load  tension^ 
when  g^  11  comes  into  action  as  a  counter.  Denoting  the 
right  reaction  for  live  loads  at  b,c,  etc,  by  A'/',  and  takings 
nioments  about  the  intersection  of  C/and^A.  the  vertical 
component  of  the  live-load  compressiou  in  GNis  found  to  be 


/^,"  X  56 

48 


Placing  this  equal  to  17,500,  the  vertical  com* 


ponent  of  dead-load  tension  in  G/i,  and  substituting  for  J^," 


27,000  X 
its  value  


16 


n  being  the  number  of  joints 


I 


loaded  at  the  left  end,  u  is  fonnd  to  be  equal  to  3,7.  This 
Fmeans  that,  if  three  joints  d,  c,  and  d  rtq  loaded,  ^//will  be 

in  action  as  a  main  diagonal^  if  more  than  three  are  loaded, 
g//  will  be  in  action  as  a  counter.  The  live-load  stress 
Fin  Gj^  due  to  loads  at  ^,  f.  and  d  may  be  found  by  taking 

moments  about  the  intersection  of  EG  and  .i.^^.  the  live-load 

stress  in  FG  for  this  loading  being  equal  to  zero*    Then,  the 

live-load  stress  in  Gg^  is 

27,000  X  (1  +  2-1-3)  ^28.4        tr  artn  ^     *       - 

_.^! -J. ! X  T-  ,  =  15,600  pounds,  tension 

lo  18.4 

The  dead-load  stress  in  Gg  when  G  H  i^  m  action  as  a 
main  diagonal  is  equal  to  15^200  pounds,  compression.  Then, 
the  minimum  combined  stress  in  Gg  for  this  loading  is  equal 
to  15,600  -  15,200  =  400  pounds,  tension. 

When  the  joints  b,  c,  d,  and  ^  arc  loaded  with  live  load, 
gN  is  in  action  as  a  counter,  and  the  live-load  stress  in  Ggis 
fotind  by  considenng  the  forces  that  act  at  joint  g.  They  are 
the  stresses  in  Fg,  Gg,  sLndg/I.  The  vertical  component  of 
the  stress  in  Fg  is  found  by  taking  the  moment  of  the 
right  reaction  about  the  intersection  ot  EG  and  /g,  and 
is  equal  to 


27.000x(lH-2-h3-H4 


20,000  pounds,  compression 
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The  vertical  component  c^f  the  live-load  stress  in  gH  is^J 
obtained  from  formula  1,  Art.  43,  first  finding  the  stress  ii]^| 


The  vertical  component  ot  the  stress 
56 


J 


Hi  for  this  loading, 
in  gH  '\^ 

^..  2T.0QQx(lH-2  +  3  +  4)       

"  ^  16  "  46.08 

^  19,7CK)  pounds 

Then,  the  live-load  stress  in  Gg  is  26,000  -  19. TOO  -  6,300 
pounds,  tension.  If  the  live  load  is  applied  to  any  joints  at 
the  right  of  f,  the  tension  in  Gg  will  decrease. 

When  the  counter  g H  is  in  action,  the  dead-load  stress 
in  Gg  may  be  found  by  considering  the  forces  that  act  at  the 
joint  g.  The  vertical  cumpoiient  of  the  dead-load  stress 
in  Fg  is  equal  to  29,600  pounds  (Art*  41 ),  while  that  in^ 
is  equal  to  14,400  pounds  (Art.  43).  The  dead  panel  loa 
at  g  is  equal  to  14*400  pounds.  Then,  the  dead-load  stres 
in  Gg  is  20,600  -  M,4(X)  -  14,400  ^  800  pounds,  coinpres 
sion.  The  minimum  combined  stress  in  Ggiox  this  loading 
IS  -6,S0O-j-SOO  =  -5,.^00  pounds.  As  this  is  less  than 
the  stress  when  the  joints  b^  c,  and  d  are  loaded,  the  mini 
mum  combined  stress  in  Gg  is  equal  to  5,500  pounds,  tension 

rcriifii/  ! i, — The  maximum  live-load  tension  in  //  occurff" 
when  the  truss  is  fully  loaded.  It  may  be  found  most  easily 
by  considering  the  forces  that  meet  at  the  joint  /.  The  ver- 
tical component  of  the  stress  in  Gi^  or  (7/,  may  be  found 
from  the  dead-load  stress  given  in  Art.  41,  by  multiplying 

the  latter  by  the  ratio  of  the  live  to  the  dead  load,  or    .     The 
'  4 

vertical  component  of  the  dead-load  stress  is  equal  to 
+  14,900  pounds;  then*  the  vertical  component  of  the  live- 
load  stress  is  equal  to  14,900  x  t  ^  +  18*600  pounds 

The  vertical  component  of  ihc  live-load  stress  in ///is  equal 
to  27,000  X  r£  =  14,1l€  pounds.     Then,  the  stress  in  //  is 
2  X  18,600  -  2  X  14,100  =  9.000  pounds,  tension 

As  the  dead-load  stress  in  I i  is  equal  to  zero,  the  miDimuni 
combined  stress  is  also  equal  to  i_),<H)0  pounds,  tension. 

45t     Table  of  Str4?Bst-*»* — The  maximum  and  min 
combined  stresses  are  given  in  the  table  on  page  63. 


4 


4 


)  oooo   ooccccc 
oooo   cccccsc 

—  .   1   T^^'^    O'lX.  ZC    *r.  t^  -T  ts. 

"c  P  -     «  «  «  - 

=  i^  I 


N  1H 


I  ++  I   I   I   I 


v 

9  6^ 

M  B  •- 


oooococcccoc 
ooooocoocccc 

kn  tr,  n   «   —   « 


0 

c  c 

- 

- 

^ 

^ 

^ 

C    —    c   c 

In. 

?i  X 

ir. 

^ 

i^ 

^ 

^ 

0    c  •--  rv 

Mfl 

ir,  C 

ir. 

** 

~ 

•* 

Iv 

-r  --   -T  r^ 

1 

1    + 

1 

i 

1 

1 

-* 

1 

w    —  0  nT 

•^»    -i    ^    T^ 

1   -r*-r 

c 

^ 

c  c 

C 



c 

c 

c  c 

c 

~ 

3 

c 

^ 

c   c  c   s 

T 

ir. 

t^  0 

T 

-^ 

0 

^ 

^ 

«C    U-.  —    f*; 

f. 

-r 

tr.  C 

vC 

f** 

t^ 

*. 

-^ 

C  0    »r.    N 

rs. 

m 

*o  -■ 

0 

?*i 

l-v 

fN.    T   ?•    0 

— 

f*; 

fr 

kT. 

»r.  i#-  t£\  vC 

S^       11+11 


+  +  I    I    I    I    I        Ml  +  +  +  I    I    I    I  +  +  + 


^ 

0 

0 

0 

0 

0 

0 

Q  ©  « 

^ 
m 

00 

J6^^ 

+ 

1 

+ 

■0 

a  te 

0 


'1  E? 
'1  "5  i  ** 


I  £J2 

I,     Ki£ 

.  S3 


o  o 
o  o 

00    CI 


+  I 


MMHIM  -ifONOMiAfOPI 

I  +  I  I     I ++ I  I  I  I  I 


\rx  m  \n 


—     —     N     N     IN 


N    PI 


I  ++       MM  +  +  + 


oooo  o 

oooo  o 

tr,  f^  !>..  t>v  PI 

NO  \o  "4  'T  PI 

+  +  +  +  + 


0  0 

0 

0  0 

0 

PI  fn 

0 

*nsO 

o\ 

PI 
1     1 

1 

oooocoooococo 
oocoooococcco 
ooOfnoo  'niN.i-x^c   -rcro   -r 

t^  o'  o  00  o  rC  o^  c>  X  **!  6-  -T  6 

Ct    N    Pi    -H    fv  —    C-  !>."".  '*!    C  X   X 

<N     W     —     — 


0000000000000 

CO  c  0000000000 

rr;  X    '/"j  C-   pi    1-  in.  C  O  ^    O^  irj  In. 

n-  pj   o   r^  —   ^\o  -r  In  ^o  '^1   -r  in. 

O    m-TvO    ir^fOlNVO    PI    i/'j-rOO 
I-    «    PI     PI     N     PJ     Pi 


l  +  l     I     I     I++I     I     I     I     I         I     I     M+  +  XXXXXXX 


«  '^  ^  ^  ^  ^  ^  '^  ^  r  ^  >-^  ^ 


^^  *^^ 


c  >«  *»*  ^ 


64 


STRESSES  IN  BRIDGE  TRUSSES 


GRAPHIC     METHOD 

46.     Deatl-!Loail    Stresses. — The    stress    diagram     for 

dead*load  stresses  is  represented  in  Fig.  17  (^).     In  coia- 
structing  thia  force  polygon  (the   load   line),  the  work  was 
shortened  somewhat  by  assuming:  that  the  dead  load  that  is  ^M 
applied  at  B,  D^  /■*,  etc.  was  applied  at  b,  d,  /*,  etc*  respect-  ^B 
ively^  together  with  the  dead  load  already  there.     Thent  the 
external  forces  acting  on  tlie  truss  are  the  reactions,  equal  to 
162, (XX)  pounds   each,  the  partial  loads  at   the   upper-chord  ^_ 
joints,  7,200  pounds  each*   at  C,  £*,  G,  etc.,  the  full  panel  ^| 
loads  of  2],6rX]  pounds  each,  at  b^  d,  f,  h^  etc.^  and  the  loads 
of   14,400  pounds  each   at  f,  f,  ^,  /,  etc.,  as   represented  in  ^^ 
Fig.  17  (a).     The  result  of  assuming^  that  the  dead  loads  at^| 
B,  D,  F,  etc.  are  carried  at  b,  d^  /,  etc,  is  that  the  stress  dia-  ^ 
gram  indicates  a  stress  in  each  short  vertical  7,200  pounds 
greater  than  the  actual  stress,  and  this  must  be  kept  in  mind 
when  these  stresses  are  scaled    from   the  stress  diagram. 
The  stresses  in  the  other  members  are  not  affected  by  the 
assumption.     The  points  3B  and  lil  in  the  stress  diagram 
coincide^  indicating  that  the  stress  in  /t{38—i0)  is  equal  to 
zero;  this  checks  with  the  value  of  the  dead-load  stress  in  //, 
found  in  Art.  41  by  the  analytic  method. 

In  finding:  the  counter  stresses  in  the  panels  j^A  and  k  t\ 
the  stress  diagram  was  drawn  for  the  panels  i/i'  and  /i^g' 
instead;  :if^-4i)^  is  ihe  vector  representing  the  stress  in  // 
when  H'  i  is  oxit  of  action:  40''-44*  and  42'~i:f  are  the  stresses 
in  H'  /  and  g'  fi\  respectively,  as  counters;  44'— 43'  is  the 
Stress  in  H'  G'  as  a  short  diagonal,  and  43^-45*  is  the  stress 
in  G'g^.  In  drawing  the  vector  i3'—i5\  the  diagram  was 
drawn  for  joint  G\  At  this  joint.  21—14'  and  44'~f3'  were 
known;  43^—4Ci\  45'— i6^  and  46-20  were  unknown.  As  there 
were  three  unknown  forces,  it  was  impossible  to  draw  these 
three  vectors  directly.  It  was  known,  however,  thiU  the 
stress  in  G' E^  is  equal  to  the  stress  in  G Et  which  had 
already  been  found:  then  a  line  was  drawn  from  20  parallel 
to  20-46^  and  the  point  4€  located  so  that  20'4(i  was  equal 
to  23^3,  and.  by  drawing  from  46  a  line  parallel  to  45^-4$, 
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and  from  4.3'  a  line  parallel  to  43'-45\  the  point  45'  was 
found-  It  is  unneceasary  in  the  present  case  to  scale  the 
dead-load  stresses,  since  tbey  will  be  the  same  as  found  by 
the  analytic  method. 

47*  Tjlve-Ijoad  Chord  Htrosses.— The  chord  stresses 
may  be  found  by  drawing:  a  stress  diagram  for  one-half  the 
truss  when  there  is  a  full  live  load,  as  represented  in 
Fi*i.  18  ((^},  or  by  multiplying  the  dead-load  chord  stresses, 
scaled  from  Fig,  17  (^),  by  the  ratio  of  the  live  to  the  dead 
load.  In  the  present  case,  the  former  method  is  preferable, 
as  the  stress  diagram  represented  in  Fig.  18  (6)  gives  also 
the  desired  stresses  in  some  of  the  web  members. 

48*  Lilve-Load  Web  Stresses. — The  stresses  in  the 
end  posts,  hip  vertical,  short  verticals,  and  short  diagonals 
may  be  scaled  direutly  from  the  stress  diagram  represented 
in  Fig,  IS  (/5),  The  maximum  and  minimum  live-load 
stresses  in  the  main  diagonals  and  remaining  verticals  may 
be  found  by  drawing  a  stress  diagram  for  the  truss,  from  tiie 
left  end  up  to  the  member  CV,  assuming  that  the  only  force 
acting  on  the  left  end  of  the  truss  is  a  reaction  at  et  equal  to 
lO.OOO  pounds,  as  represented  in  Fig.  W{6).  In  this  dia- 
gram»  the  vectors  representing  the  stresses  in  the  short 
verticals  and  short  diagonals  do  not  appear;  this  is  due  to 
the  fact  that,  if  no  loads  act  on  the  left  end  of  the  truss 
except  the  left  reaction,  there  will  be  no  panel  loads  at  ^»  //, 
etc.  and  consequently  the  stresses  in  B  d  and  Bc^  Dd&nd  D K^ 
etc,  will  be  equal  to  zero. 

In  finding  the  stresses  in  the  main  diagonals  and  verticals, 
it  is  best  to  find  by  the  analytic  method  the  loading  that 
causes  the  desired  stress.  As  these  loadings  have  already 
been  found  in  Art.  42,  the  work  will  not  be  repeated.  When 
the  live-load  stress  in  one  of  the  verticals  Ee,  Gg,  and  //,  or 
in  the  upper  half  of  one  of  the  main  diagonals  C D^  EP\  and 
G H,  or  in  IH'  as  a  counter*  is  a  maximum,  the  only  force 
that  acts  on  the  truss  to  the  lefi  of  the  member  is  the  left 
reaction.  Then,  the  maximum  Hve>load  stress  in  any  one  oi 
these  members  may  be  found  by  multiplying  the  stress  in 
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that  member  due  to  a  left  reaction  of  10,000  pounds,  as 
scaled  from  Fig.  19  (^),  by  the  ratio  of  the  left  reaction 
caused  by  the  loading  that  causes  the  maximum  stress  in  the 
member  under  consideration  to  the  assumed  reaction  of 
10,000  pounds.  The  stresses  in  the  members  just  referred 
to,  caused  by  a  left  reaction  of  10,000  pounds,  are  as 
follows: 

Member  ^^p^ouNi^  ^^^^^ 

Ee  +    6,100'  5'-  G 

Gg  +    6,700  7'-  B 

It  H-    8,300  9' -10    . 

CD  -    9,000  4-5 

EF  -    9,000  6-7 

GH  -10,600  S-9 

IH'  -15,000  iO-11 

The  left  reactions  caused  by  the  loadings  that  cause  maxi- 
mum stresses  in  these  members  (as  found  by  the  analytic 
method  in  Art.  42)  are  as  follows: 

Member      ^^"  Reaction.  Member       ^^^  Reaction, 

MEMBER  j^  Pounds  member  ^^  Pounds 

Ee                111,400                    EF  111,400 

Gg               '75,900                   GH  75,900 

//•                  47,300                   ///'  47,300 
CD              153.000 

Then,  the  maximum  live-load  stresses  in  these  members 
are  as  follows: 

Ee  Vo\,V,?X    (i.lOO  =  +    68,000 

Gg  -TSSJfS  X    6.700  =  4-    50,900 

//  MIU  X    8.300  =  +    39,300 

CD  ¥,h:\.V-  X    9,000  =  -  138,200 

EF  Vo'(A,H;-^X    9.000=  -100,300 

GH  -"[ilHIJI}  X  lO.fiOO  =  -    80,500 

iH'  ni!f::i  x  15,000  =  -  7i,(X)o 

When  the  stress  in  the  lower  half  of  the  main  diagonal  Hi 
is  a  maximum,  there  is  no  load  to  the  left  of  /  except  the 
left  reaction,   and  the   stress  in  ///   is  equal  to  the  stress 
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in  Gff  that  has  just  been  found.  When  the  stress  in  the 
lower  half  of  one  of  the  main  diagonals  /)r  and  /'V.  or 
in  /^'^'  as  a  counter,  is  a  maximum,  the  joints  ^/,  /,  and  //', 
respectively,  at  the  left  of  these  members  are  loaded;  and,  as 
the  left  reaction  is  then  not  the  only  force  acting  on  the  trusH 
at  the  left  of  one  of  these  members,  the  stress  cannot  be  found 
by  the  stress  diagram  in  Fig.  10  (d).  These  are  the  same 
loadings,  however,  that  cause  the  maximum  stresses  that 
have  just  been  found  in  the  upper  halves  of  the  diagonals,  and 
the  stress  in  the  lower  half  of  any  one  of  them  may  be  found 
by  constructing  the  polygon  for  the  forces  that  meet  at  an 
intermediate  joint.  For  example,  the  stress  in  C/Jt  equal 
to  —  138,200  pounds,  is  laid  off  to  a  convenient  scale,  as 
shown  in  Fig.  19  (c)  by  the  line  5—/,  which  is  parallel  to 
CD;  4-4',  equal,  by  scale,  to  the  stress  in  Dei  (a  live 
panel  load),  is  next  drawn  parallel  to  Dd;  then  the 
lines  4'-5'  and  5-5'  are  drawn  parallel,  respectively,  to  /Jf 
and  DE:  the  line  4'-6'  represents  the  stress  in  /Jr,  In  like 
manner,  tf'-7'.  Fig.  19  (d),  represents  the  stress  in  /'Vt  ^nd 
l(y-lfy  Fig.  19  ie).  represents  the  stress  in  /I'm', 

The  vector  J1~1I\  Fig.  19  (^),  that  represents  the  strcM 
in  If  C  when  there  are  no  loads  to  the  left  of  /('  except  the 
left  reaction  of  10,000  pounds,  scales  +  ^XX^  pounds.  The 
left  reaction  for  the  loading  that  causes  the  minimum  liv;- 
load  stress  in  H*  G*  ^Art.  43)  is  equal  to  Z^tAfJf)  \MtHU*\h. 
Then,  the  minimum  live-load  stress  in  li' (?  a»  a  hhort 
diagonal    is   equal    to 

WJX  /  GT/;  =   ^  2.K^)  ;/oundii 

When  the  stress  ::;  vr-^  o:  ::.'-•  rr.a:.%  ^-ia^or.ais  jf'  h'  or  X  f ' 
is  a  rrinim-aTT..  there  :s  r.o  rvr-  *-.  &'-•::.;;  orj  •:.',-  •*  -^>,  tv  ♦>.*-  >it 
of  the  member  ^r.cer  '.o'.tvi'rri*  or.  ':/.*:; 
and  the  stre%bts  :r.  :he-.^  •r.'-rr.'vr--.  -• 
Fig.  19  'f  '  ic  !ht  :;•"£*  v.^y.  'l':.*-,  ••r 
reaction  of  lO/'X'  ;/'.:;r-'-r  tr'r  v.  •'/..,  t:\\ 
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The  left  reactions  that  obtain  when  the  stresses  in  these 

members  have  their   minimum  values  are  as  follows    (see 

Art.  43): 

Member  Reaction^  in  Pounds 

g'E'  16,900 

e'  a  5,100 

Then,  the  minimum  live-load  stresses  in  these  members 
are  as  follows: 

Member  Stress,  in  Pounds 

g'E'  \mi  X  20,500  =  +  34.600 

^  C  -i^S'h  X  32,000  =  +  16,300 

The  minimum  stress  in  li  occurs  when  the  truss  is  fully 
loaded,  and  may  be  found  from  the  stress  diagram  represented 
in  Fig.  18  (h).  It  was  found  in  Art.  44  that  the  minimum 
stress  in  G' g'  (Gg)  occurs  when  the  joints  b'yc\d'y  and  e'  are 
loaded  and  g'  H'  is  in  action  as  a  counter.  Then,  the  mini- 
mum stress  in  G g'  may  be  found  from  Fig.  19  {b).  The 
vector  12-11'  scales  —  3,700  pounds.  The  left  reaction  is 
equal  to  16,900  pounds;  then,  the  minimum  live-load  stress 
in  Gg  is  equal  to 

ISL-CS  X  3,700  =  -  6,300  pounds 

In  Art.  44,  it  was  found  that  the  minimum  live-load  stress 
in  E'  (•'  occurs  when  the  joints  b\c'y  d' ,  and  c"  are  loaded.  In 
this  case,  the  stress  in  E' e*  cannot  be  found  from  Fig.  19  {^), 
as  the  vector  12'-}3  was  drawn  on  the  assumption  that  the 
stress  in  /:'/?'  is  zero;  this  assumption  is  not  true  in  the 
present  case,  as  there  is  a  load  at  d'.  The  method  of  finding 
the  minimum  stress  in  E'  e' j  when  the  loading  is  known,  is 
illustrated  in  Fig.  19  (/).  The  stresses  in  G'  !•.'  and  j^' A"' are 
found  by  multiplying  the  vectors  l~V2  and  12-12',  respect- 
ively. Fig.  li)  (/O,  by  IoImm-!;  the  stress  in  E' I)'  is  the  same 
as  the  stress  in  I)  E,  which  is  given  by  the  vector  .'5'-.5, 
Fig.  10  {<).  Then,  as  three  of  the  five  forces  that  meet  at  E' 
arc  known,  the  other  two.  one  of  which  is  the  stress  in  /TV, 
may  be  found  by  constructing  the  force  polygon  for  the 
joint  E'.  The  vector  12'-Vl.  Fig.  1!)  (/),  c(iual  to  -23.200 
pounds,  is  the  minimum  live-load  stress  in  A'V. 
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EXAMIM.K^     roR    PBAITICK 

1.  The  stxteeri-poael  throu^jh  Petit  tnjsu  with  substruts  represented 
in  Fig.  lo,  hivioK;  dimensions  n.s  shown,  supports  one-haif  of  a  bridge. 
The  dead  load  is  2,'^tXK  and  tlie  live  load,  3^200,  pounds  per  linear  foot 
ot  bridge.  II  onctliirU  *>£  the  dead  load  is  assumed  tw  be  itpplied  at 
the  upper  aad  intermedinte  joints,  what  is  the  tnaxinium  combined 
stress  ia  the  member  GN?  Afls,    -05,100  1b. 

2.  For  the  same  truss  and  loadiug  referred  to  in  example  I.  what 
is  Che  miQimum  combined  stress  (mo-xinium  tension}  ia  //? 

Ans.    -  flO.OOO  lb. 

,^.  For  the  same  truss  and  loading  referred  to  in  example  1,  what 
is  the  maximum  combined  stress  in  /£ af  Ans.  +  aiJOO  lb. 

4,  For  the  sama  truss  and  loadin^f  referred  to  in  exatnple  I,  what 
is  the  live-load  stress  in  the  member^ ^?  Ans.    -  817,400  lb. 


TUE  MULTIPLE-SYSTEM   CURVEB-CIIORD  TRUSS 

49,     Description, — The  tri3ss  represented  in  Fig.  20  {a) 
is  known  as  the  miiUlple-aysteni  ourvt^U-cliord  trtiss* 

It  is  somewhat  similar  to  the  Whipple  tniss  [S/rrssf^s  in 
Brhigr  Trusses^  Part  2)  ha%'iii^  two  systems  of  web  members, 
the  difference  between  the  two  being  that  the  upper  chord  of 
one  is  curved  aiul  that  of  the  other  is  honaontaL  The  mul- 
tiple-system curved-chord  truss  is  not  in  common  use  at  the 
present  time,  but,  as  there  are  some  examples  of  it  in 
existence,  it  is  well  to  know  how  the  stresses  can  be  foimd, 

50-     MetlKMl  or  Calotilatlaii. — If  the  truss  represented 

in  Fig.  20  (a)  is  separated  into  two  systems,  as  shown  in 
single  and  double  lines  in  Fig.  20  {f>]  and  (r),  it  will  be  seen 
that,  on  account  of  the  angles  of  the  curved  chord,  each 
system  exerts  an  upward  force  on  each  upper-chord  joint  of 
the  other  system.  On  this  account^  the  systems  do  not  act 
independently,  and  the  stresses  cannot  be  found  on  the 
assumption  that  the  stresses  in  each  system  are  caused  by 
the  loads  that  come  on  that  system,  unless  some  other 
assumption  is  made. 

When  there  is  a  full   live  load  or  no  live  load  on   the 
truss,  the  stresses  in  all  the  members  may  be  found  with  a 
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reasonable  degree  of  accuracy  without  considering  the  tru! 
separated  into  the  two  systems.  If  the  members  G I  and  O*  /, 
Fig,  20  Kb),  were  straight,  the  counters  ^/ and ^' /  would  be 
out  of  actioti  when  there  is  a  full  live  load  or  no  live  load  on 
the  system.  In  like  manner^  if  F H^  H H\  and  H^ F*^ 
Fig,  20  (r),  were  straight,  the  diagonals  fH,  H h\  k  H\  and 


//'  f  would  be  out  of  action  when  there  is  a  full  live  load  or 
no  live  load  on  the  system.  In  the  present  case,  as  the  upper- 
chord  luembers  referred  to  are  very  nearly  straight,  these 
diagonals  may  be  assumed  to  be  out  of  action  when  there 
b  a  full  live  load  or  no  live  load  on  the  inass.     Then,  th< 
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members  of  the  truss  that  will  be  in  action  for  these  loadings 
are  shown  in  Fig.  20  (</}.  If  the  tru&s  is  considered  cut  by 
the  plane  of  seclion  p'p  that  intersects  f//,  G  t\  and  ki\  and 
the  part  lo  the  left  of  the  section  is  treated  as  a  free 
boily,  it  will  be  seen  that  the  stress  in  ///may  be  found  by 

king  moroents  about  point  /;  the  stress  in  G/,  by  applying 
the  equation  1*  V  —  1*  S  sin  //  —  0  to  all  the  forces  acting 
un  the  part  of  the  truss  considered;  and  the  stress  in  A  t\ 
by  applying  the  equation  1' X  —  0.  The  stresses  in  the 
remaining  members  may  be  found  most  readily  by  means  of 
the  stress  diagram,  oa}y  one-half  of  the  truss  being  con- 
sidered. The  stresses  in  ///,  Gi,  and  &  i,  considered  as 
external  forces,  and  the  panel  loads  and  reaction  on  the 
part   of   the   truss    to    the   left   of    the   seclion  pp',   form   a 

stem  in  equilibrium*  and  may  be  laid  off  to  scale  in  the 
orce  polygon.  Then,  starting  at  the  right  end  with  the 
joint  //.  the  stress  in  ///and  the  load  at  //»  if  any,  being 

own,  the  stresses  in  G  //  and  H k  may  be  found:  at  joint  h^ 

e  stresses  in  H h  and  h  i  and  the  load  al  h  being  known,  the 
stresses  in  /'"//  and^A  maybe  found;  at  joiol  G^  the  stresses 
6 //and  (f  f  and  the  load  at  G,  if  any,  being  known,  the 
tresses  in  FG  and  Gj{  may  be  found;  etc.  By  proceeding 
io  this  manner,  the  stresses  in  all  the  members,  when  there  is 
a  full  live  load  or  no  live  load  on  the  truss,  may  be  found. 

The  stresses  in  the  members  can  also  be  found  by  the 
analytic  method  of  joints;  but,  as  the  numerical  work  in 
connection  with  this  method  when  applied  to  a  curved-chord 

uss  is  very  laborious,  its  use  will  not  be  considered. 
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51.  The  maximum  live-load  stress  in  almost  every  web 
eraber  obtains  when  there  is  a  partial  load  on  the  truss,  and 
not  be  found  accurately  by  the  equations  of  equilibrium 
unless  some  assumption  is  made  regarding  the  upper-chord 
members.  As  the  upper-chord  ii^embers  of  the  separate 
systems,  such  as  A^'  and  G /,  Fig.  20  (h)^  are  not  straight* 
ch  system  exerts  an  upward  farce  at  each  upper-chord  joint 
f  the  other  systems;  but,  as  ihe  actual  amount  of  this  force 
at  aay  joint  is  relatively  small,  it  may  be  neglected,  and  the 


\ 
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stresses  found  on  the  assumption  that  the  upper-chord  mem- 
bers in  the  two  systems  are  straight.  The  stresses  in  the 
web  members  of  each  system  can  then  be  found  from  the 
loads  that  come  on  that  system,  in  the  same  way  as  in 
the  simple  type  of  curved-chord  truss  explained  m 
Arts,  4  to  20.  The  graphic  method  by  the  stress  dia- 
gram will  give  the  results  with  the  least  work. 


OTHER  TYPES  OF  CURVED-   AND   INCLII^ED- 

CHORD  TKU6SE8 

52.  Inelliiert-Cliord  Truss,— Fig.  21  represents  a  type 
of  inclined-chord  truss  in  which  the  joints  of  the  upper  chord 
lie  in  a  straight  inclined  line  from  the  center  to  the  end  of  the 
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truss.  This  type  of  truss  is  not  now  used  for  bridge  purposes, 
but  is  employed  to  a  great  extent  for  roofs.  It  possesses^^J 
the  advantage  that  the  stresses  in  the  web  members  never 
reverse;  the  diagonals  are  sometimes  made  tension  members 
and  sometimes  compression;  in  the  truss  shown,  they  are 
tension  members.  When  there  ts  a  fnll  live  load,  or  no  live 
load  on  the  truss,  the  stress  in  every  diagonal  is  tension; 
when  the  live  load  covers  a  part  of  the  span,  the  live- 
load  stresses  in  the  diagonals  in  the  unloaded  part  of  the 
truss  are  all  zero.  The  method  of  calculation  is  precisely 
the  same  as  for  the  inclined-chord  truss  explained  in  Arts.  23^^| 
and  following.  In  finding  stresses  In  the  web  members  by 
the  method  of  moments,  it  is  well  to  note  that  the  inter- 
section of  the  chords,  which  is  the  center  of  moments,  i9i^| 
the  end  joint  of  the  truss,  and  that  the  reaction  acts  at 
this  point.  The  moment  of  the  reaction  about  this  point  is 
therefore  zero,  and  it  is  unnecessary  to  compute  the  reaction. 
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53-  The  Bfnvslrlii^  Truss. — When  the  joints  of  the 
curved  chord  lie  on  a  curve  that  passes  through  the  end  joints  of 
the  horizontal  chords  the  truss  is  called  a  bo\V!i4ti-ln|{'  trued. 
Two  comnion  types  of  this  truss  are  represented  in  Figs.  22 
and  23  as  pony  trusses*     When  a  bowstring  truss  is  used  in 


a  deck  bridge,  the  upper  chord  is  horizontal  and  the  lower 
chord  curved.  The  curved  chord  is  usually  made  a  parabola. 
The  height  at  the  center  is  sometimes  spoken  of  as  the  rise- 

When  there  is  a  full  live  load  or  no  live  load  on  the  truss^ 
the  stress  in  the  horizontal  chord  and  the  horizontal  compo- 
nent of  the  stress  in  the  curved  chord  are  equal  and  constant 
from  end  to  end,  and  the  stresses  in  the  diagonals  are  all  zero. 
The  diagonals  in  Fig,  22  are  tension  members,,  and  two  are 
required  in  every  panel;  one  diagonal  is  in  action  when  one 
md  of  ihe  truss  is  loaded  with  live  load,  the  other  when  the 
other  end  is  loaded.  In  Fig.  2n,  the  web  members  are  all 
inclined,  and,  as  there  h  but  one  set,  they  will  all  get  alier- 
^Bnate  stresses  of  tension  and  compression  when  the  truss  is 
partially  loaded  with  live  load. 

Bowstring  tnisses  are  not  built  at  the  present  lime  to  any 
great  extent,  but  there  are  a  large  number  in  use.     The  theo- 

P 

™  retical  advantage  in  the  use  of  this  truss  lies  in  the  fact  that 
the  maximum  chord  stresses  are  almost  conslant;  this  is  oil- 

»set  to  a  great  extent  by  the  rmmbcr  of  counters  required,  or 
the  reversal  of  stress  in  the  web  members,  and  the  difficulty 
in  getting  au  efficient  system  of  lateral  and  sway  bracing. 
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54,  The  lieiiticular  Truss. — When  both  chords  are 
curved,  and  the  joints  lie  on  curves  that  pass  through  the 
end  joints  of  the  truss,  as  represented  in  Fig.  24,  the  truss  is 
called  a  double  bowstriujc,  lenticular,  or  flslx-belly 
truss.  The  curves  are  usually  parabolas;  the  lengths  of 
the  verticals  vary  as  the  ordinates  to  a  parabola,  and  the 
action  of  the  chords  and  diagonals  is  the  same  as  in  the 
bowstring  truss  represented  in  Fig.  22. 

The  floor  may  be  supported  along  any  of  the  lines  ab^  cdy 
or  eiy  Fig.  24.  In  the  first  case,  the  floorbeams  are  supported 
by  short  posts;  in  the  second  they  are  connected  directly 


Fig.  24 

to   the   vertical  web  members;    and  in  the  third  they  are 
suspended  from  the  lower  chord  by  hangers. 

The  graphic  method  by  the  stress  diagram  is  the  shortest 
for  this  truss  as  well  as  f<jr  the  bowstring  truss.  In  case  it 
is  desired  to  determine  the  stresses  in  the  lenticular  truss  by 
the  analytic  method,  the  work  can  be  considerably  shortened 
by  drawing  the  truss  to  a  large  scale,  and  scaling  the  lever 
arms  of  the  web  members  about  the  various  intersections  of 
the  chord  members. 
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MOMENTS    AND    SHEARS    DUE    TO 
CONCENTRATED    LOADS 


INTRODUCTION 

1.  The  methods  of  finding  the  stresses  due  to  uniformly 
distributed  loads  covering  all  or  part  of  the  span  have  been 
fully  discussed.  It  is  frequently  necessary  to  determine  the 
maximum  stresses  caused  by  a  system  of  concentrated  loads 
— such  as  the  wheel  loads  of  a  locomotive  and  train  of  cars, 
street  cars,  road  rollers,  etc. — that  moves  over  the  span. 
The  spacing  of  the  wheels  of  such  a  system  with  respect  to 
one  another  is  fixed;  the  loads  on  the  wheels  are  usually 
unequal,  and  the  system  is  movable  as  a  whole. 

In  designing  trusses  and  plate  girders,  it  is  necessary  to 
calculate  the  maximum  moments  and  shears  at  several  panel 
points,  or  sections  along  the  span;  in  plate  girders,  it  is  also 
necessary  to  determine  the  section  where  the  moment  is 
greatest.  This  involves:  (1)  the  determination  of  the  posi- 
tion of  the  wheels  that  will  cause  the  greatest  moment  or 
shear  at  any  section;  and  (2)  the  actual  calculation  of  the 
greatest  moment  or  shear  when  the  wheels  occupy  the  required 
position.  In  practice,  it  is  customary  to  consider  the  loads 
as  moving  from  right  to  left,  coming  on  the  span  at  the  right 
end  and  going  off  the  span  at  the  left  end.  This  convention 
will  be  followed  here. 
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MAXIMUM  MOMKNT8  AND  SHEARS  IN  SIMPI^B 
BKAMS 


MAXIMUM    MOMENT    AT    A    GIVEN    SECTION 

2.     A  Slngrle  Concentrated  Moving  Load. — Let  A  B^ 

Fig.  1  (a)»  be  a  simple  beam  over  which  a  load  W  is  mov- 
ing, and  let  it  be  required  to  find  the  position  of  the  load  for 
which  the  moment  at  a  given  section  C  is  a  maximum.  The 
distance  A  C  will   be  denoted   by  a.     When   W  is  at  any 


Fig.  1 


point  D  to  the  right  of  C,  and  at  a  distance  x  from  the  right 
end,  the  reaction  y?.  is       ■  ,  and.  therefore,  the  moment  at  C 


Wx 


is  A*,  rt,  or       ■    X  a\  as  \\\a,  and  /  are  constant,  the  moment 

at  C  is  greatest  when  .r  is  as  great  as  possible.  This  occurs 
when  X  is  equal  to  />*  C.  or  /  —  a\  that  is,  when  W  is  at  C 
When  \V  is  at  the  left  of  Cat  a  distance  .r,  from  the  left  end, 

the  moment  at  C  is  equal  to  '  X  (/  —  (0,  which  is  a  maxi- 


a,  that  is.  when  /('  is  at  ('.     It  is  thus  seen 

Wa 


mum  when  .f, 

that  the  maximum  moment  at  C  is  equal  to 


/ 


X  (/-«). 


and  occurs  when  the   load  is  at  C,     (See  also  Strength  of 
Materials,  Part  1.) 
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3.  111111101100  Line,  for  Moiiiont^ — The  variation  in  the 
bending  moment  at  C  when  IV  moves  along  the  beam  may 
be  represented  graphically  as  in  Fig.  1  (^).  The  horizontal 
line  ^'/?'  having:  been  drawn  at  a  convenient  distance 
from  A/3r  the  vertical  CO  is  drawn,  representing  the 
bendingf  moment  at  C  when  IK  is  at  C  Since  the  moment 
at  C  increases  uniformly  as  the  distance  of  II'  from  the 
right  end  increases,  the  line  B'  C\  drawn  straight  from  B' 
to  C,  will  represent  the  variation  in  moment  as  IV  moves 
from  l>  to  C;  also,  the  line  O  .-1\  drawn  straight  from  C  to  -■/', 
will  represent  the  variation  as  IF  moves  from  C  to  A.  For 
example,  if  C"  O  represents  the  moment  at  C  when  IV  is 
at  C  then  D'*D\  vertically  under  D,  represents  the  moment 
at  C  when  W  is  at  D\  also*  E^*  Ef  represents  the  moment  at 
C  when  W  is  at  E. 

If  the  load  fK is  made  equal  to  unity  (as  1  pound  or  1  ton), 
and  the  ordinate  tT"  C  is  made  equal  to  the  maximum 
moment  at  C  for  this  load,  the  line  A^  O  B'  is  called  the 
Inflaence  Hue  for  the  moment  at  C  Then,  the  moment 
at  Cdue  to  any  load  TKat  D  is  equal  to  W^X  I^'  D*;  with  a 
load  rrat  E,  the  momenrat  Cis  IV  X  E'*  E^\  etc  If  there 
are  loads  f-f ,  and  JK,  at  the  same  time  at  E  and  Z?»  respect- 
ively, the  moment  at  C  is  equal  to  W,  X  E**  E*  +  H^,  X  />"Zy, 
and  similarly  for  any  number  of  loads.  The  influence  line 
is  of  great  value  in  determining  the  position  of  a  system  of 
loads  for  which  the  moment  or  shear  at  a  given  section  of  a 
beam  or  truss,  or  the  stress  in  a  member,  is  a  maximum. 


4.  T^vo  Coucentrntcd  IiOocls.~Let  A  B^  Fig.  2  (a). 
be  II  simple  beam  over  which  the  loads  W^  and  IW  are 
moving.  These  loads  are  assumed  to  be  at  a  fixed 
distance  d  apart.  It  is  required  to* find  the  position  of  the 
loads  for  which  the  moment  at  a  section  C  distant  a  from  the 
left  end  of  the  beam,  is  a  maximum.  The  influence  line  for 
the  moment  at  the  section  C  is  A'  O  B\  Fig.  2  (^).  Let  y/ 
and  J'/  represent  the  ordinates  under  H^iand  \i\,  respectively* 
As  the  loads  approach  C  from  the  right,  both  y^^  and  yj 
increase  until  f^i  reaches  C,  when  the  moment  is  equal  to 
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Fig.  2,  (c)  and  id).  As  the  loads  move 
left,  yt  decreases  and  y^  increases,  and  the 
increases   or   decreases  according  as    IV,  yi 


IV.  y.  +  n\y.. 

farther  to  the 

moment   at    C 

decreases  less  or  more  than   IF,>',  increases.     When  IW  is 

at  a  distance  b 

the  ordinates  to 


to  the  left  of  C  Fig.  2  (r),  \ety,"  and  r."  be 
the  influence  line  corresponding  to  W^  and  lV%^ 


respectively,  and  let  r,  be  the  dilTcrence  between  j',  and  .r/': 
and  r-,  the  ilitTercnce  between  y,  and  y,".  Then,  the  total 
change  in  moment  is  equal  to  +  \\',~.,  —  \\\z^.  The  similar 
trianirles  A'  C  C"  and  nj'\C'.  Fi-.  2  (./),  give 

A/:.  :  HX'  =  C  C"  \  A'  C'\ 
that  is,  ,\  b  =  .r.  :  A'  C"\ 


whence 


2x 


bx 


.I'l 

-r  c 
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Likewise,  from  the  similar  triangles  B*  O  O^  and  D.E^Ft* 


^.  =  Ax 


>'. 


Substituting   these   values    for   2^  and  ^„   the   change   in 
moment  becomes 

"^'  {'  "<  wb)  -  » •  {'  X  J^)  =  *^-  (/.^"  -  :4^') 

The  moment  at  C  will  be  increased  if  the  change  in  moment 
is  positive,  and  decreased  if  the  change  is  negative;  it  is 

n '                                 \\/ 
positive  when       '    is  greater  than  ~n  and  negative  when 


W, 


b.  is  less  tbaa 


IV, 


In  other  words,  the  moment  at  C 


B*C"  ~A'C" 

will  be  increased  if  the  right-hand  load  divided  by  the  right- 
hand  portion  of  the  span  is  greater  than  the  left-hand  load  divi- 
ded by  the  leU-hand  portion  of  the  span,  and  decreased  if  the 
former  quotient  is  less  than  the  latter.  Then,  if  the  change  in 
moment  ii>  negative,  the  maximum  moment  obtains  when 
W^  Is  at  C;  if  positive,  the  moment  will  increase  until  TK, 
reaches  C  when  it  is  a  maximum;  for,  when  W^  passes  C 
both  yi  and  >\.  and,  therefore,  the  moment  at  C  decrease. 
Hence  the  following  principle; 

714f  maxunum  bentfht^  moment  caused  at  any  J^'vtn  sfdion 
of  a  beam  by  two  €&ncentraUd  movinj^  loath  obtains  whni  one 
of  the  loads  is  at  (tie  stftian.  If  the  nx^t-hand  -load  divided 
by  the  tength  of  the  right-hand  Portitm  of  tin-  l>ram  is 
greater  than  tk^  left-hand  load  divided  by  the  leji^lh  of  the 
Uit-fiami  portion  of  the  beam^  the  moment  is  a  maximum 
-when  the  right-hand  load  is  at  the  section;  if  the  left-hand 
load  divided,  by  tfte  left-hand  portion  of  the  beam  is  the  j^reater^ 
the  moment  is  a  maximum  when  the  left-hand  load  is  at  the 
section. 

If  the  loads  are  equal,  this  principle  will  always  bring  the 
left-hand  load  at  the  section  when  the  section  is  at  the  left 
of  the  center,  and  the  right-hand  load  when  the  section  is  at 
the  right  of  the  center. 

To  find  the  value  of  the  bending  moment  at  C  the  left 
reaction  H,  may  first  be  found  by  taking  mooicats  about  B. 
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Then,  if  IF,  is  at  C  the  moment  is  equal  to  R,  X  a;  if  W,  is 
at  C  the  moment  is  equal  to  R^  K  a  —  TF,  X  d. 

Example. — A  befiin  40  feet  long  supports  a  flystero  of  two  con- 
centrales  loads  R  feet  apart.  The  left-hand  load  is  10,000  pounds, 
and  the  right-hantl  load  is  15,000  pounds.  What  are  the  max- 
in^iim  rDomentB:  {a)  at  a  section  10  feet  from  the  left  end?  {b\  at 
the  centur? 

SoLtmoN.  — (n)  Th«  length  oi  the  left-hand  portion  of  the  beam  i^ 
10  ft,:  that  of  ihB  right-hand  portion  is  '?X}  ft.     Then, 

10.000  ■=-  10  -  1.000  and  15,000  ^m  ^  500 

As  the  first  is  the  greater,  the  moment  is  a  raaiimtsm  when  the 
l«ft-haad  load  is  at  the  section.     Then, 

«      10,000  X  ao  + 15.000  x  22     ,. -^,. 

A*!  =  — — — -■    ^ =  Jo^7oO  Id, 

and  the  bending  moment  is  equal  Co 

15,7.>0  X  10  -  157,-500  ft. -lb.     Ans. 
{b)    The  left-hand  and  right-hand  portions  have  each  ei  len^ftb  o£ 
20  ft.    Then. 

10,000  ^  20  =  600  and  16,000  -i-  20  =  760 
As  the  second  is  the  greater,  the  moment  is  a  roajcinimii  when  the 
right-hand  load  i&  at  the  center.     Then, 

je.  =  10.000X28  +  16.000X20  ^  j^  ^  ,^ 

and  the  bending  moment  is  equal  to 

14,500  X  20  -  10,000  X  8  =  210.000  ft,-lb.     Ans. 

5.     Any  Number  of  Concentrated  Lioads. — When  the 

system  consists  of  more  than  two  loads,  the  method  of  treat- 
ment is  practically  the  same  as  for  two  loads;  the  moment  at 
a  given  section  is  a  maximum  when  one  of  the  loads  is  at  the 
section^  Let  A  B^  Fig.  3  {^7),  be  a  simple  beam  over  which 
a  system  of  concentrated  loads  is  moving^  and  let  It  be 
required  to  find  the  position  of  the  loads  when  they  cause  the 
greatest  moment  at  C  at  a  distance  a  from  the  left  end*  Let 
A' O B\  Fig.  3  {b),  be  the  influence  line  for  the  moment 
at  C,  and  let  y^^y%,  etc.  be  the  ordinates  corresponding  to 

Wt,  JKt  IVt-,  etc.,  respectively.  As  the  loads  move  across 
the  beam  and  l\\  approaches  C  the  bending  moment  at  C 
increases  until    IV^  reaches    C  when  tt   is   equal  to   XV,  y: 

+  W*y^  *,.-{-  Wnym,  When  W^  passes  C  the  moment 
due  to  it  decreases,  and  that  due  to  the  remaining  loads 


I 


4 
4 
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increases;   it  can  be  shown,  as  iti  Art,  4,  that  the  change  in 
moment  is  equal  to 


If 


H^.+  M^. -f   .  .  .JK   .^  ^gg^  ^^^j^     fi;^_^^  ^^^   mt>ment 


decreases    after    IV^    passes   £7,    and    is    therefore    greatest 

nnnoonooo"  n"i. 


when  IVi  is  at  O  if  the  former  of  these  two  fractions  is 
8:reater  than  the  latter,  the  moment  increases  until  IV, 
reaches  C  When  W^  passes  C.  the  change  in  moment  is 
equal  to 
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If  i-^^+-^v  t   •  .•    JK.  is  less  than  ^vJ>f  %  the  moment 

decreases  after  \Vt  passes  C,  and  is  therefore  greatest  when 
Wt  is  at  C\  if  the  former  of  these  two  fractions  is  greater 
than  the  latter,  the  moment  increases  until  W^  reaches  C,  etc. 
Suppose,  in  this  case,  that  the  moment  increases  after  U\ 
and  IVi  pass  C,  and  decreases  after  W^  passes  C;  then,  the 
moment  is  greatest  when  IV^  is  at  C  [see  Fig.  3.  {c)  and  (//)]. 
Then, 

W^±_Wi  is  less  than  -^f- +-^t^*  +   '-  '^  ^- 

from  the  condition  that  the  moment  increases  after  Wt 
passes  C  until  IV^  reaches  C;   and 

from  the  condition  that  the  moment  decreases  after  Wm 
passes  C 

The  quotient  obtained  by  dividing  the  sum  of  all  the  loads 
on  a  part  of  a  beam  by  the  length  of  that  part  will  be  referred 
to  as  the  avt»rupre  Intensity  of  load  on  that  part  of  the  beam. 

From  the  preceding  discussion,  the  following  general 
principle   may   be   stated: 

The  maximum  bvmiifi^q;  moment  eaused  at  a  s^^h'en  section  of  a 
beam  by  a  system  of  movin}^  eoncentrateit  loads  obtains  7i'1ien  such 
a  load  is  at  the  section  thaty  tchen  it  is  counted  ivith  the  loads  on 
the  rijiht,  the  ax*erage  intensity  of  load  on  the  rij(ht  is  greater 
than  the  avera^^e  intensity  of  load  on  the  left;  and  tvhen  it  is 
counted  icith  the  loads  on  the  left,  the  avera.i^e  intensity  of  load  on 
the  left  is  greater  than  the  average  intensity  of  load  on  the  right. 

When  the  loads  are  in  this  position,  if  part  of  the  load  at 
the  section  is  counted  with  the  loads  on  the  left  and  the  sum 
is  called  Wi,  and  the  remainder  counted  with  the  loads  on 

Wi 

the  rifrht  and  the  sum  called  /f,.  it  is  possible  to  make  — - 

a 

equal  to        '  .     Puttinj::      -  =        '  ,  and  denoting  the  sum  of 
I  —  a  a  I  —  a 

all  the  loads  on  the  span  by  .1'  U\  we  have 

IVr  =   1'  W-   IVi, 
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md,  therefore, 


whence 


W 


mx- 


i-a      ' 


1^ 

'      and 


^f:(^-i).  vrr- 


Wu 


IIV 


f  P,  =  J  X  -^^  IV 


a  / 

The   principle  just  given   may   therefore  be   stated  more 
^^simpJy  as  follows: 

^B  Tht  maximum  lending  moment  caused  at  a  given  section  oi  a 
^^pciirn  by  a  syst^^m  of  moving  fonceut rated  loads  obtains  li^hen 
^^jiuch  a  load  is  at  the  section  tttat^  if  part  oi  it  is  counkd  with 
^H^A^  toads  on  the  iefiy  t/ie  average  intensity  of  load  on  tite  left  is 
''       egtuit  to  (hat  on  the  whole  beam, 

^^  As  Wt  is  equal  to  the  sum  of  all  the  loads  to  the  left  of  C 
^Hplus  a  part  of  the  load  at  C  the  sum  of  all  the  loads  to 

the  left  of  Cmust  be  less  than  \Vi,  or  ^  x  -1'  W^  and  this  sura 


% 


^ 


added  to  the  load  at  C  must  be  greater  than  Wt^  or  -  X  —  W^ 

If  the  system  is  such  that  all  the  loads  are  on  the  beam  when 
the  moment  is  a  maximum^  Wi  may  be  found  directly  from 

the  formula  Wt  =  '  X  -  W.     If  the  system  is  such  that  some 

of  the  loads  are  off  the  beam  when  the  moment  is  a  maxi- 
mum, the  correct  position  may  be  found  by  trial  by  placing 
several  of  the  heaviest  loads  at  the  section  successively  to 
see  which  fulfils  the  condition.  It  will  frequently  be  found 
that  several  positions  of  the  loads  will  satisfy  the  conditions 
for  a  maximum  (on  account  of  the  fact  that  loads  pass  oflf  at 
the  left  end  and  on  at  the  right  end  as  the  loads  move  to  the 
left  to  occupy  the  different  positions);  in  this  case,  the  actual 
value  of  the  moment  must  be  calculated  for  each  position 
that  satisfies  the  conditions,  in  order  to  determine  which 
position  causes  the  greatest  moment.  A  load  that  comes 
exactly  at  A  or  B  when  one  load  is  placed  at  C  should  be 
considered  as  o&  the  span. 
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6.  Talue  or  tlio  Moment, — If  IVx  represents  the 
inoinent  about  B  of  any  load  at  a  distance  x  from  the  right 
end,  the  moment  of  all  the  loads  on  the  span  about  B  ma^ 

be  denoted  by  2*  IVx^  and  the  left  reaction  H,  by  ^— — *     If 

IVif  represents  the  moment  about  C  of  any  load  to  the  left 
of  C  at  a  distance  /?  from  C\  the  moment  of  all  the  loads  on 
the  left  end  about  C  may  be  written  1'  Wb.  Then,  the  bend- 
ing moment  at  C  is  R^a  —  1'  IV  6;  that  is,  ^X  SWx  —  l'lVk 

Example  L— A  beam  50  feet  long  supports  tbe  sysl^tn  of  movini 
conccatrated  loads  represented  hi  Pig.  4.  To  find  the  maiimiim 
moment:     {a)  at  a  polot  10  feet  from  tbe  left  end;  (^)  at  the  centen 


Soi-in-iON. — (a)  As  the  system  uf  loads  is  much  shorter  than  il 
beam,   it   niav   be   assumed    that    all   the   loads   will   Im   on.     Tbei 

2:  IV  =  4SMXX>  lb.;    ff7  =   '^  X  i'H'  =   l^^   X  4fl,00fl   -  9,800  lb.; 

«  5,000  lb.;  and  W',  +  fV^  =  ir>,tX>0  lb.  As  one  value  is  less  and  rht 
other  greater  than  1»,800  [Art.  5},  the  raonient  is  a  maximum  when 
ii\  is  at  C  Then  the  distances  of  the  various  loads  from  the  rtgh( 
tnd  are  4S,  40,  ^t5,  ^),  li4,  sind  IH  It.,  respectively;  and 
rf,  =  (6,000  X  4K  +  10,000  X  40  +  10,<HX)  X  l^f  +  S.tKK)  X  30  +  8,000  X 
+  8.000  X  18)  ^  50  =  :il,82Q  lb. 
The  betiding  moment  is  equa!  t(3 

31.320  X  10  -  5.000  X  8  =  273,200  ft. -lb.     Ans. 

{6)     In  this  e*fl*,  IVi  =  ^  X  49.000  «  24,500  lb.      The  sura  of 

and  Ii\  is  13.000  lb.;  of  fT,,  H\,  and  W^,  25,000  lb,     As  one  value 
less  and   the  other  greater  than  24^500.  the  moraent   is  a   majtirautii 
when  iV,  is  at  C     Then,  the  distances  of   the  loads  frora   the  right 
end  are  38,  30.  25.  2(»,  14,  and  S  ft*,  respectively;  and 
^1  -  {5.000  X  3H  +  UJ.^KJO  X  :fl>  +  10,)«)0  X  25  +  «,(X)0  X  20  +  8.000  X 
+  H,000  X  8)  -^  50  =  21,520  lb. 
The  bendinf;  moment  is  equal  to 
21.520  X  25  -  (5.000  X  13  +  10,000  X  5)  »  423,000  ft.-lb.    Aug. 
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EiAMPi,E  ;;, — With  the  same  s>'^tern  uf  loads  as  in  the  preceding 
esample.  what  is  the  greatest  roonient  at  Ihe  ceater  of  &  beam 
25  feet  long? 

SoLUTltJJir— 111  this  case,  the  system  of  loads  is  longer  than  the 
beam,  and  some  loads  will  be  off;  the  position  that  causes  the  greatest 
moment  will  he  determined  largely  by  trial. 

When   W,  is  at  the  centcrf   H'l  anJ  W,  are  on  the  beam.     Then, 
a 


m 


.   ..I'tV  =   ^^~X  15.000 


7.600  lb. 


As  this  is  larger  than  ^^1,  the  motneut  Is  aot  a  maxtmutti  ^hen  Wi 
is  at  the  ceater. 

When  W,  is  at  the  center^  U\,  U\,  ff'j,  and  IV^  are  on  the  beam. 
Then, 

«/,  =  IM  X  33,000  =  16,600  lb. 
■•-0 

I      As  this  is  larger  than  lf\  +  fF,  (h'^.OOO  IbJ,  the  moment  is  not  a 
tnasiraura  when  W,  is  at  the  ceuter. 

When  W',  is  at  the  center,  /f',,  H\,  H\,  and  1V^  are  on  the  beam. 
Then, 

^'r  =  ^iJ'  X  30,000  =  IS.OOO  lb. 

As  this  is  larger  than  H\  (10,000  lb.),  and  smaller  than  U-\  +  W» 
(20,000  lb.),  the  moment  is  a  raaximtiru  when   ff',  is  at  the  center. 

When  iV,  is  at  the  center,  H',.  /f'l*  {{',,  If.,  and  fp\  are  on  the 
beam.    Then , 


«/,  =  *f:'^  X  44,000 


*>' 000  lb. 


»As    this    is   larger  than   li\  +  H\  (L'U.OtMt   lb.),    and    smaller   than 
W^.  +  *f »  +  W^*  (I'S.OOO  lb  ),  the  moment  is  also  a  maximum  when  H\ 
Is  at  the  center. 
When  i^\  is  at  the  cenier,  fV^^  W,,  H\,  and  FT,  are  on  the  beam. 
Then, 

12.5 


m 


^  X  34,000  -  I7p000  lb. 


As  thtfi  h  less  than  fF,  +  IJ^.  [18.000  lb.},  the  moment  ts  not  a 

maximum  when  If,  is  at  the  center. 

There  are  then  two  positions  that  satisfy  the  conditions  for  maxi- 
mum moment:  namely,  when  H\  is  at  Ihe  center,  and  when  H\  is  at 
the  ceDter.     It  is  necessary  to  calculate  both  valu^* 

When  ft't  is  at  the  center. 


^i^ 


10.000  X  17.5  H-  10.000  X  12.5  +  8*000  X  7.(^  +  8,000  X  1,6 


26 
=   l4.HH(Mb. 


The  bending  moment  is 


14,880  X  12.5  -  10,000  X  &  =  136,000  It.-tb, 
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When  IV^  is  at  the  center, 
/^^  =  (10.000  X  22.5  +  10,000  X  17.5  +  8,000  X  12.5  +  8,000  X  6.5 

+  8,000  X  0.5)  -J-  25  =  22,240  lb. 
The  bending  moment  is 

22,240  X  12.5  -  (10,000  X  10  +  10,000.  X  5)  =  128,000  ft.-lb. 
Therefore,  the  moment  at  the  center  is  greatest  when  W,  is  at  the 
center,  and  is  equal  to  136,000  ft.-lb,     Ans. 


EXAMPLES    FOR    PRACTICE 

1.  A  beam  50  feet  long  supports  a  moving  load  consisting  of  two 
concentrations  10  feet  apart.  The  left-hand  load  is  12.000  pounds,  and 
the  right-hand  load  is  IS.UOO  pounds.  What  is  the  maximum  moment: 
{a)  at  a  section  10  feet  from  the  left  end?  (d)  at  the  center?  {c)  at  a 
section  40  feet  from  the  left  end?  f  (a)  204.000  ft.-lb. 

Ans.{(^)  315.000  ft.-lb. 
[(c)  216,000  ft.-lb. 

2.  A  beam  50  feet  long  supports  a  moving  load  consisting  of  two 
concentrations  of  10,000  pounds  each  at  a  distance  of  8  feet  apart. 
W^hat  is  the  maximum  moment  at  a  section  20  feet  from  the  left  end? 

Ans.  208.000  ft.-lb. 

3.  A  beam  35  feet  long  supports  a  moving  load  consisting  of  the 
system  shown  in  Fig.  4.  What  is  the  greatest  moment:  (a)  at  a  sec- 
tion 10  feet  from  the  left  end?    {d)  at  the  center? 

Ans  [(")  20:^.100  ft.-lb. 
Ans.^^^^  23i),25()  ft.-lb. 

4.  A  beam  30  feet  long  supports  a  moving  load  consisting  of  the 


^  (^  &  ^  ^ 


" 7 


4 


-43 


Fig.  5 


sy.stem  shown  in  Fig.  5.     What  is  the  greatest  moment:  {a)  at  a  sec- 
tion 25  feet  from  the  left  end?    (d)  at  the  center? 

.        r  (a)  247.500  ft.-lb. 

■^"^•M*)  430.000  ft.-lb. 
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SECTION    OF    MAXIMUM    MOMENT    IN    A    BEAM 

7.  Any  Number  of  Louds.— As  a  system  of  concen- 
trated loads  moves  across  a  beam,  there  is  a  section  where, 
under  a  certain  position  of  the  loads^  the  moment  is  greater 
than  occurs  at  any  other  section  under  iiny  position  of  the 
loads.  The  method  of  determining  the  location  of  this 
section  will  now  be  considered. 

Let  A  B^  Fig.  6,  be  a  simple  beam  over  which  a  system  of 
concentrated  loads  is  moving,  and  let  it  be  required  to  find 
the  section  where  the  moment  is  a  maximum  as  the  loads 
move  across  the  beanie  The  greatest  bending  moment 
will  occur  under  one  of  the  loads^  and  it  is  necessary  to 
determine  the  position  of  the  system  for  which  the  bending 
moment  under  any  one  of   the   given  loads  is  a  maximum. 


A 

<^)  ®  ®5(^  (R) 

^ 

(^ 

n 

1         1 

' 

1 

. 

JK| 

a                •■/*, 

*o 

B^ 

Fig.  S 

Let  Cbe  the  position  of  iV,  when  the  bending  moment  under 
W,  is  a  maximum,  and  let  .  /  C  =  fj.     The  left  reaction  1?^  is 

*"  y^  denoting  by  .r  the  distance  of  any  load  from  the  right- 

i 

^and  support.  If  I'lV  represents  the  sum  of  all  the  loads 
m  the  beam,  and  a\  the  distance  from  the  right  end  to  the 
:euter  of  gravity  of  these  loads,  then 

therefore.  Ni  =     '     -  .    The  sum  of  the  moments  of 

ie  loads  on  the  left  end  about  Cis  yiVb^  denoting  by  6  the 
distance  of  any  of  those  loads  for  C.     The  bending  moment 

C   IS   equal   to  V?.  X  *»  -  -iMJV^  or  ^^±A]f  ^   v^y^ 

lis  expression  is  a  maximum  when  ax^  is  a   maximum; 
flhat  is,  when   x.   =   a,    or   when    C  is  the   same   distance 
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from  A  as  the  center  of  gravity  of  the  loads  is  from  B;  in 
other  words,  when  C  and  the  center  of  gravity  of  the  loads 
are  equidistant  from  the  center  of  the  beam.*  Whence  the 
principle: 

The  niaxhnitm  moment  under  a  load  occurs  when  that  load  an» 
the  center  of  gravity  of  all  the  loads  on  the  beam  are  equidista^ 
from  the  caiter. 

This  principle,  in  connection  with  the  principle  that  t^^ 
loads  on  the  left  of  the  section  of  maximum  moment  mu:^* 

satisfy   the   condition    IV:  =  j  X  ^  IV  (Art.  5),    serves  ^ 

determine  the  greatest  bending  moment  in  the  beam. 

In  applying  the  preceding  principles,  the  required  positicC^^-^^ 
of  the  loads  must  be  determined  largely  by  trial.  If  th^^^^ 
system  of  loads  is  longer  than  the  beam,  some  of  the  loa 


d^^^ 


will  be  off  when  the  moment  is  a  maximum.     In  suchacase^^^ 
it  will  he  well   to  remember  that  the   section  of  maximunr^ 
moment  will  usually  be  close  to   the  center;    the  positioicr^' 
of  the  loads,  when  the  moment  at  the  center  is  a  maximum, «« 
may  be  found  as  explained  in  Art.  5*     The  position  of  the  ^^^ 
center  of  gravity  of  the  loads  on  the  beam  for  this  condition      ^^ 
may  be  calculated,  and   the  loads  placed   according  to  the 
principle  just  given,  jilacing  them  first  so  that  the  center  of 
tlic  span  is  half  way  between  the  center  of  gravity  and  the 
nearest  hnid,  then  the  next  nearest,  etc.,  until  a  position   is 
found  that  satisfies  all  the  conditions  for  maximum  moment. 
If,  when  the  loads  occupy  the   rc(iuired  position,  there  are 
more  or  less  on  the  beam  than  those  for  which  the  center  of 
gravity  was  computed,  it  will  be  necessary  to  compute  anew 
the  location  of  the  center  of  f:^ravity  of  the  loads  then  on  the 
beam,  and  rearrange  them.     In  case  more  than  one  position 
of  the  loads  satisfies  the  conditions  for  the  maximum  bending 

*Lct  tlie  (list:incc  from  the  center  of  gravity  of  the  loads  to  C  be  rep- 
resented by  /,  Fijj;.  (>;  then,  .1.,  -\-  a  =  /  —  /,  which  may  be  called  r;  also, 

,r„  =  r  —  a,    and    (/.I'u  =  a  W  ~  ^)  ~  a  c  —  a*  =  I, J    —  la  —  ,,)    ,  and 

this  is  a  maximum    when   the   nej^^itive   term   is  zero;    that  is,  when 

rt  -      =  0;  whence  a  —  .,  =      ,^      =  ,   and,   therefore,  jr,  =  a. 
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moment,  it  will  be  necessary  to  compute  the  bending  moment 
for  each  position  in  order  to  find  the  greatest  moment. 

8.     Value  of  tlio   Moment. — In   Art.  7   it  was   stated 

that  the  bending  moment  at  C  is  equal  to  ^'  ***" Z  Wb. 

For  the  maximum  bending  moment  M  under  a  load,  we  have, 
since  in  this  case  jr,  =  <?, 

Example  1. — A  beam  50  feet  long  supports  the  system  of  moving 
concentrated  loads  shown  in  Fig.  4.  What  is  the  location  of  the  sec- 
tion of  maximum  bending  moment,  and  the  value  of  the  moment? 

Solution. — As  this  system  of  loads  is  much  shorter  than  the  beam, 
it  may  be  assumed  that  all  the  loads  will  be  un  when  the  moment  is 
greatest.  The  center  of  gravity  may  be  found  by  taking  moments 
about  li\\  its  distance  from  IV^  is 

5,000x3O+10.00Ox22  +  10.0OOX17  +  8.OQ0Xl2  +  8.000x6-tr  8.000X0 

49,000 
=  13.96  ft. 

The  center  of  gravity  is  1.96  ft.  to  the  left  of  IV^  and  3.04  ft.  to  the 
right  of  li\.    As  IV^  is  nearer,  it  will  be  tried  first. 

When  Wa  and  the  center  of  gravity  are  equidistant  from  the  center, 

Xo  =  a  =  25  +  ^f-  =  25.98  ft. 

and  ^  X  2"  ^  =  ?'^^-  X  49,000  =  25,500  lb. 

W,  +  W,+  W^^  26.000  lb.;  W'',  +  U\  +  ll\  +  fT*  =  a3,000  lb.  As 
one  of  these  sums  is  less  and  the  other  greater  than  25,500  1b.,  the 
moment  is  a  maximum  under  M\. 

The  bending  moment  is 

*>^  QA*  V  <1Q  (¥10 

trl-^^JJ^-^^  -  (5,000  X  18  +  10,000  X  10  + 10.000  X  5)  =  421 .500  ft.-lb. 

When  H\  and  the  center  of  gravity  are  equidistant  from  the  center, 

H  04 
;t-o  =  a  =  25  -    ;,     =  23.48  ft. 

and  ^  X  2'  W^  =  "'!'f"  X  49.0(X1  =  2:i,(XX)  lb. 

W^  +  IV^  =  15.000  Ih.:  /r,  -f  W.,  -f-  //',  =  2.'..()00  lb.  As  one  of  these 
sums  is  less  and  the  other  greater  than  23.000  lb.,  the  moment  is  a 
maximum  under  ll\. 

The  bending  moment  is 
2:148"  X  49.000 
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(5.000  X  13  +  lO.CXK)  X  5)  =  425.300  ft.-lb. 
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[r  j.av  other  '.osyU  are  rreil.  it  wi::    »-^<?    :'■■!•"»'  ^^-t*  »k-.^  j 

.  ,.  .  .  "■-^*  cney  do  not  sat. 

:sty  rlie  >'!ni!:t:i>n  r-^r  m.ix::T:r.:n  rr.-^m«fnt.      Th« 

soment  is.  rherefore.  il.4^  ft.  fri"»tn    the    ;e:: 


1  ne  ^'tron  of  maximum 
s-    ;e::  en.i.  and    the   bettditi.r 

Ex.\MPLE  2— A  beam  -^  fee:  I.^n-j  si:  p  ports  the  svstem      f 
Iniitls  siKiw-s  -n  Fx  4.     Wh.vt  is  the  loca::-  ^n  of  :he  s€?i'-".^r,  ^*  _       o^ing 
,    .  .         .    ,  ■^'t*.*.»»»a  ot  maximum 

axomear.  a::^:  tbe  va.i:e  »■:  :ne  n:.'ii:enTr 

.S.iL»~noN. — As  the  system  i>f  Ii».i«!*»  :s   lonijer  rh.in  the  h* 

at  The  *ioat.ls  w;'.i  be  off  the  so.ir.  whcr.  the  r:;on:cr::»  •<  ^  -«^«-         *  * 

.      1     ,        .,  ^  '^  maximum.     In 

examine  J.   Art.   «l,   it  wa-;  snown    thiit    ::ie  cnntl''i.in     r,.- 

,        .  "   t.    n»r   maximum 

m.^men:  at  t:ie  cer.rer  ot  :r.:s  sp.in  f,^r  the  sarre  I.,ad  is  satisfied  when 
tf  ,  ts  at  the  center,  anl  wher.  W  ,  :■?  at  ti:e  ccnt^rr;  it  wiil,  therefore  h^ 
anaev:essar>-  t«>  repea:  :he  (ien;<«nstrat;i*n  here. 

When  U\  is  a:  the  center.   U\,   if\.    U\.  anil  U\  are  on   the  be 
and  the  litstanoe  »>f  the  center  of  s;'i*^'i*y  "'  the-te  loads  fr\>m  W  "         ' 
UM*>i>  \  1*>  *  lO.iUi  \  11  -^  N.imi  \  ti  —  ^.(Oi  \  o  *  '* 

;iii.iM»  ■  =  ^'-J^J  ft. 

The  center  ^'f  jrravity  is  -.*%:»  ft.  t«i  the  left  of  H\.  and  '2.\7  ft    to rh 
rjjht  of  U\.     As  H\  is  nearer,  it  may  !ie  tried  rirst. 

X.  =  tf  =   IL».5  -  'I*    =   11. 4J  II. 
Then.  **  \  2'  ir  =  ";."*""  X  :>i.rt^>  =  Ir;.4(HI  lb. 

/  !*•» 

As  this  is  greater  than  H\  ami  less  than  U\  t  U\,  the  moment  is  a 
tuaximum  under  U\.  ami  is  equal  to 

When   ir.  am!  tl:e  cenur  *'i  i^raviry  are  e«;uM>:.»::t  fmm  the  ctnter 

r.,  =  J  =  !•_» .%  -  "  ;  '  -^   M.^rj  t:. 

and  i  \  2"  »■  =  ^  *-*^*  X  :u\A*M\  ..  im.um  :b. 

.As    this  is  lo<s  than    U':   -  H',  *  li\.  :s"..!  f.i/..d    :..   //•,  4_  ^-^     (]^^ 
tn^MUfiit  is  a  niaxin:i:ir.  "mlur  It',.  a;>!  :-^  ti;".i'.  t-t 

...  -  ,  lo.uK)  \  111-  iii,iiiit\  :>    =  ii*!»jn^i  ft.-ih. 

Tho    fact  that  '     •    -  //'  is  vi\\:.i\  to  li',   -  II'.,  in  thi-^  case  means  that, 

atlcr      // ',  |>a^scs  ('.  the  m.-nuTi*.  r.L-i::ifr  •TUTtM'it-;  n.T  decreases  until 
/'',   rt';n.-lios  ('.  attrr  \\:i'.>.l'.  ;*.  iiecrca'-i"'. 

\\li<-n  li\  i^  ;»t  tiu- icr.tc-.  U'..  W  .  U\.  U'..i\",\  /f',.  are  (»n  the  Ijeam 
and    t  !»<.*  ci'iitcr  of  i^ravitv  i>i   tV.t.-^c  li-a.N  :-- 
h»,(HN  i    -^^  !*•_'  -i-  10  ii(Xi  .  17  *  *N.iHni  .  I'j  -  s.i^m  ..  t;  -  ^.tmi  \  {\ 

U.HUt  =  12.14  ft. 

iroin      //  *,,  or  .U  ft.  t"  the  kit  of  l{\;  then  (.'will  be  .07  ft.  to  the  rieht 
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of  the  center,  and  for  all  practical  purposes  it  may  be  assumed  to  be 
at  the  center.  The  moment  at  the  center  under  W^  has  already  been 
iound  (example  2,  Art,  0)  to  be  equal  to  ll^H.tXHJ  ft. -lb.  It  is  unneces- 
iSaiy  to  try  any  otlier  positions. 

Prora  the  forey;oJng,  it  is  seea  that  the  miixiinum  mt>menl  occurs 
under  fif 'i,  when  that  load  is  1 1 .42  ft.  from  the  left  end,  aud  the  moment 
s  equal  to  137,800  ft,-lh.     Ans. 

'  9-  Coni|»arlKoii. — In  example  2,  Art,  6,  it  was  found 
thai  the  maximum  moment  at  the  center  of  a  25-foot  beam 
r  the  same  loading  as  in  the  preceding  example  is  about 
3"  per  cent,  less  than  the  actual  maximum  moment  just 
found:  and  in  example  t*  Art.  6,  ir  was  found  that  the  raax;- 
mura  moment  at  the  center  of  a  50-foot  beam  for  the  same 
loading  is  about  ,o  per  cent,  less  than  the  aciual  maximum 
moment  just  found.  In  any  case,  the  actual  maximum 
moment  is  very  little  larger  than  that  at  the  center,  and,  for 
all  spans  above  50  feet  in  length,  with  the  ordinary  condi- 
tions of  loading,  the  latter  is  sufficiently  accurate  for  all 
practical  purposes.  For  spans  up  to  about  50  feet,  it  may 
be  desirable  to  compute   the   actual  maximum. 

10.  fepeelal  Cases. — The  following  principles  are  but 
special  cases  of  the  general  principle  stated  in  Art.  8r 

1*  T/te  mttximnjn  moment  in  a  beam  stipprnting  two  unequal 
loads  tifiil  oftur  uutier  th€  heavhr  load  when  that  load  and  the 
nirr  of  g^ravify  ot  the  two  loads  are  equidistant  from  the  center 
of  graz'ity  of  the  heam. 

2.  The  ma-ximttm  movwut  in  a  be'am  supporting"  two  equal 
loads  wilt  ocfur  under  cither  load  when  the  two  loads  are  on 
opposite  sfdt's  of  the  center  trtid  one  of  I  fie  loads  is  at  a  distance 
from  the  center  equal  to  oHi-fonrth  the  distanct  between  Ihe  loads, 

3.  fn  ease  a  beam  that  supports  two  toads  is  bttt  tittle  tottger 
ttian  the  distance  bciurcn  the  loads,  it  may  happen  thai  one'of  the 
loads  placed  ni  the  center  of  the  beam  ivill  cause  a  greater  moment 
ttian  if  the  two  loads  are  arranged  as  described  in  the  first 
principle. 

EX-^Mi'LE  1, — A  beam  24  feet  long  supports  two  raovhij^  loads  H  feet 
apart;  the  left-hand  load  is  H,(HK»  pounds,  and  the  right-hand  load  is 
4.000  pounds.    What  is  the  localion  of  the  section  of  maximum  momentp 
fid  whAt  is  the  value  of  the  mumetu? 
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Solution. — The  center  of  gravity  is 

12,000 
from  the  right-hand  load.     Then  the  section  of  maximum  moment  is 
1  ft.  to  the  left  of  the  center;  therefore,  <j  =  .To  —  11  ft.,  and  the  moment 
is  equal  to 

irx_12^000  ^  ^^^^  j^  _jj^      ^^^ 

Example  2. — A  beam  25  feet  long  supports  two  equal  moving  load^ 
of  10,000  pounds  each.  6  feet  apart.  What  is  the  location  of  the  section 
of  maximum  moment,  and  what  is  the  value  of  the  moment? 

Solution. — As  the  beam  supports  two  equal  moving  loads,  th^ 
second  principle  applies  in  this  case.  One-fourth  the  distance  betweeiB^ 
the  loads  is  6  -^  4  »  1.5  ft.,  and  the  section  of  maximum  moment  i^ 
therefore  under  either  load  when  that  load  is  1.5  ft.  from  the  center  of 
the  beam.     At  this  section , 

a  :=  ^,  =  '^_  1.5  =  U  ft., 


and  the  moment  is  eqiial  to 

11*  X  20,000 


=  90.800  ft. -lb.     Ans. 


Example  3. — A  beam  8  feet  long  supports  two  moving  loads  5  feet 
apart.  The  left-hand  load  is  0,000  pounds,  and  the  right-hand  load  is 
4,000  pounds.  What  is  the  location  of  the  section  of  maximum  moment, 
and  what  is  the  value  of  that  moment? 

Sou'TiON. — The  distance  of  the  center  of  gravity  of  the  two  loads 
from  the  right-hand  load  is  equal  to 

«i.(K)0  X  5       ^ 
(i.(K)b  +  4,()<)0       '       ■ 
and  the  distance  from  the  left-hand  load  is  5  —  3  =  2  ft.     Applying  the 
first  principle  for  a  maximum  'niomcnt,  the  load  of  (i.OtX)  lb.  will  be 

u 

2  H-  2  =  1  ft.  to  the  left  of  the  center  of  the  beam,  and  -  —  1  =  3  ft.  from 
the  left  end  of  the  beam.     That  is,  a  ~  a\,  =  H  ft.,  and  the  moment  is 

=^'x'"'"'^'=n,:i50ft.-u,. 

S 

As  fhe  beam  is  but  little  lon.ci^er  than  the  distance  between  the  loads, 
according  to  the  third  principle  it  may  happen  that  the  maximum 
moment  will  occur  when  one  of  the  loads  is  at  tlie  center  of  the  beam. 
When  the  load  of  tl.CKHJ  lb.  is  at  the  center,  the  load  of  4.(KX)  lb.  will 
be  o£f  the  beam,  and  the  maxinuim  moment  will  be  equal  to 

^:=<«'""*'  =  ii;,()0(.f,.-ib. 

As  this  value  is  greater  than  the  one  just  found,  the  section  of  max- 
imum moment  is  at  the  center,  and  the  moment  is  12,000  ft. -lb.     Ans. 
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EXAMPLES    FOR    PRACTICE 

1.  A  beam  60  feet  long  supports  the  system  of  moving  concen- 
trated loads  shown  in  Fig.  5.  (a)  What  is  the  location  of  the  section 
of  maximum  moment?  {d)  What  is  the  value  of  the  maximum 
moment?  .„„  /(«)  At  28.!K)  ft.  from  the  left  end 

^°®*l(d)  1,378,400  ft.-lb, 

2.  A  beam  30  feet  long  supports  the  system  of  moving  concen- 
trated loads  shown  in  Fig.  5.  {a)  What  is  the  location  of  the  section 
of  maximum  moment?     {A)  What  is  the  value  of  tliat  moment? 

,       /  (a)  At  14.6  ft.  from  the  left  end 
^°^l(d)  430,500  ft.-lb. 

3.  A  beam  30  feet  long  supports  two  moving  loads  8  feet  apart. 
If  the  left-hand  load  is  30,000  pounds,  and  the  right-hand  load 
25,000  pounds,  find:  (a)  the  location  of  the  section  of  maximum 
noment;    {d)   the  value  of  the  moment. 

A«    /(*')  At  13.18  ft.  from  the  left  end 
•^°^*\(*)  318,500  ft.-lb. 

4.  Two  loads  6  feet  apart  are  moving  over  a  beam  10  feet  long. 
If  the  left-hand  load  is  20,000  pounds,  and  the  right-hand  load  is 
10,000  pounds:  {a)  what  is  the  location  of  the  section  of  maximum 
moment?    (d)  what  is  the  value  of  that  moment? 

Anc  /(^i  ^^  ^^®  center 
■^°^-l(*)  50,000  ft.-lb. 


MAXIMUM    SHEAR    AT    A    GITKN    SECTION 

11.     Single  Movlnsr  Load. — Let  A B,  Fig.  7  (a),  be  ^ 


sitnple  beam  supporting:  the  moving  load  (F,  and  let  it  be 
required  to  find  the  position  of  the  load  for  which  the  shear 
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at  the  section  C  at  a  distance  a  from  the  left  end,  is  a  maxi- 
mum. When  W  is  at  any  point  to  the  right  of  C,  at  a 
distance  x  from  the  right  end,  the  shear  at  C  is  positive  and 

W  X 
equal  to  the  left-hand  reaction       '  ;  when  W^is  at  any  point 

to  the  left  of  C.  the  shear  at  C  is  negative,  and  equal  to 
— -'^-  —  Jf  =  —  '^'  -.    That  is,  as  J'J^ passes  on  the  beam 

at  B  and  moves  toward  C,  the  shear  at  C  increases  uniformly 
until  H^is  at  C\  as  \V  passes  C,  the  shear  suddenly  changes 
from  positive  to  negative;  and,  as  Jf' approaches  ^,  the  shear 
uniformly  approaches  zero.  The  shear  at  C  is,  then,  a 
maximum  w^hen  W'\%  at  C. 

12.  Influence  Tjiiie  for  Shear. — The  variation  in  shear 
at  C  as  W  moves  over  the  beam  may  be  represented 
graphically,  as  in  Fig.  7  {b).  The  horizontal  line  A' B' 
having  been  drawn  at  any  convenient  distance  from  AB^  the 
vertical  line  CO  is  laid  off  above  A' B\  equal,  by  scale,  to 

W^^-  ^1^  and  C"C,'  is  laid  of!  below  A' B'  equal  to  -^^; 

then,  B'  O  represents  the  variation  in  shear  at  C  as  W  moves 
from  />  to  C  and  Cx  A'  represents  the  variation  as  IF  moves 
from  C  to  .-/.  If  the  ordinates  C"  C  and  C"  C^'  are  made 
equal  to  the  shear  at  (.'due  to  a  load  of  unity,  the  line  B'  C  €•!  A' 
is  called  the  Infliu^nct^  line  for  the  shear  at  C, 

13.  Any  Number  of  Loads.  —  Let  A  B,  Fig.  8  (rt),  be 
a  beam  supporting  a  system  of  moving  concentrated  loads, 
and  let  it  bo  required  to  find  the  position  of  the  loads  when 
they  cause  maximum  shear  at  the  section  C  at  a  distance  a 
from  the  left  end.  As  the  loads  come  on  the  beam  at /^  and 
move  toward  the  left,  the  shear  at  ('  increases  until  \\\ 
reaches  C\  it  is  then  etiual  to  A',,  and  may  be  denoted  by  [',. 
If  the  sum  of  the  loads  then  on  the  beam  is  ^  IF,  and  the 
distance  from  their  center  of  gravity  to  the  right  end  is  .v,. 

then  A',  =  /'.  =  -^'"  X  2' /T.  When  Jl\  passes  C  the  shear 
suddenly  decreases,  and,  when  IK.  is  at  a  distance  k  to  the 
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left  of  C  is  equal  to  '^■^'^  X  1'  l^  -  IV..      As  the  loads 

move  farther  to  the  left,  k,  and,  therefore,  the  shear  at  C, 
increase  until  IV^  is  at  C     If  d^  is  the  distance  from  IV^  to 


(^  (^  (^3)^r^  nn^B 


Pig.  8 

JV,,  the  shear  when  TF.  is  at  C,  which  may  be  called  F„  is 
equal  to  '^-~       X  -  H'—  JV,,  the  difference  between  ^',  and 

l\  being    -  X  -  IV—  ll\.     If  this  difference  is  negative,  F, 

is  less  than  F, ,  and  the  shear  is  a  maximum  when  IF,  is 
at  C;  if  positive.  F,  is  greater  than  F, .  Suppose,  in  this 
case,  that  the  shear  is  greater  when  IF,  is  at  C  than  when  Wt 
is  at  C.  Then,  when  IF.  passes  C  the  shear  again  suddenly 
decreases,  and.  when  IF,  is  at  a  distance  k  to  the  left  of  C,  is 
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equal  to  -^•-A^*  ±J  x  ^  IV  -  {IV, -\-  IV,) ;  as  the  loads  move 

to  the  left,  k  increases,  and,  therefore,  the  shear  increases 
until  IV^  is  at  C.  If  d^  is  the  distance  from  H^,  to  W^,,  the 
shear  at  C  when  IV,  is  at  C,  which  may  be  called  F„  is  equal  to 

^•_+y>_+y-  xl'  lV-{lV^-\-  IV,),  the  difference  between  K 

and  F.  being  -*  X  -  W  —  W,.     If  this  difference  is  negative, 

K,  is  less  tha^  y,,  and  the  shear  is  a  maximum  when  M^,  is 
at  C;  if  positive,  P\  is  greater  than  l\.  By  proceeding  in 
this  way,  it  will  be  found  that,  w^hen  some  load  IV^  is  at  C 
the  shear  F«  is  less  than  the  shear  /  '„  - ,  when  the  preceding 
load  IV„-,  is  at  C,  Then,  the  shear  at  C  is  a  maximum  when 
IVn-i  is  at  C,  By  trying  the  first  two  or  three  loads  of  a 
system  successively  at  the  section,  the  position  of  the  loads 
for  maximum  shear  is  readily  found.  As  all  loads  to  the  left 
of  the  section  decrease  the  shear,  there  will  usually  be  very 
few,  if  any^  in  that  position. 

14.     Special  Conditions. — In  case  some  of  the  loads 
pass  off  the  beam  or  others  come  on  as  the  loads  move  to 

sir 
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the  left,  the  value  of  .1'  \V  will  change.  The  manner  of 
treating'  such  cases  will  be  shown  by  the  following  two 
illustrations. 
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Starting  with  IF,  at  C,  Fig.  9  (a),  let  it  be  assumed  that, 
when  the  loads  move  a  distance  rf,  to  the  left»  IF.  passes  off 
the  beam  and  IVn  comes  on  [Fig.  9  {^)].  Taking  1'  IV as  the 
sum  of  all  the  loads,  exclusive  of  H\  and  fF«,  the  increase 

in  shear  is^X  l'lV-\-  ^^'*,     The  load  W,  caused  a  posi- 

tive  shear  at  C  equal  to      *    -  when  it  was  at  Q  its  effect 

after  the  loads  move  a  distance  d^  to  the  left  is  zero;  then 

W  X 
the  decrease  in  shear  is  — *    *.     The  total  increase  is,  there- 
fore, ^X^W+  ^^^^  -  ^'--^;  if  this  expression  is  nega- 

tive.  the  shear  decreases,  and  is  a  maximum  when  Wx  is  at  C; 
if  positive,  the  shear  increases,  and  is  greater  when  W^  is 
at  C  than  when  IV^  is  at  C. 

Starting  with  Wn  at  C,  Fig.  10  {a),  let  it  be  assumed 
that  Wx  is  still  on  the  beam  but  passes  off  when  the  loads 
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move  to  the  left,  and  that,  when  \\\  is  at  C  \W  is  still  on  the 
beam,  no  loads  coming  on  at  B  [Fig.  10  (^)].  Here,  ^  W 
will  be  taken  as  the  sum  of  all  the  loads  exclusive  of  fK,. 


The  shear  when  W^  is  at  C  is 


■'■•'  X  -1'  W'-\-  '-l''i  -  Wx,  and, 


/ 


/ 
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when  IV,  is  at  C,  it  is  ^^^^'-t-^'  x  :t' IV  -  rr.,^the  differ- 
ence being  ^xIW~  lV,-\-  ^ilj^-^l.     If  this  difference 

is  negative,  the  shear  is  decreased;  if  positive,  it  is  increased. 
The  student  should  familiarize  himself  with  the  principles 
just  outlined,  and  not  try  to  remember  the  expressions  as 
formulas,  as  each  case  that  arises  will  probably  be  somewhat 
different  from  those  here  assumed. 

15.  Value  of  the  Sliear. — When  the  position  of  the 
loads  has  been  determined,  it  is  easy  to  calculate  the  value 
of  the  shear.  If  JVx  represents  the  moment  of  any  one  of 
the  loads  about  the  right  end,  and  IVt  the  sum  of  all  the 
loads  on  the  left  of  the  section,  the  shear  is  equal  to 

16.  Section  of  Maximum  Shear. — The  shear  is  a 
maximum  at  the  section  where  the  value  of  -*"— ■ IVt  is 

i 

greatest;  this  is  just  to  the  right  of  the  left  end,  and  for  all 
practical  purposes  may  be  taken  at  the  left  end;  at  that  sec- 
tion, JVi  is  zero  and  1'  IVx  is  a  maximum. 

Example. — A  beam  40  feet  lonp  supports  the  system  of  moving 
loads  shown  in  Fijj.  4.  Wliat  is  the  maximum  shear:  {a)  at  the  le£t 
end?   (A)   at  a  point  10  feet  from  the  left  end? 

Solution. —  [a)  When  H'l  is  at  the  left  end,  ail  the  loads  are  on  the 

beam;  when  they  move  to  the  left,   H\  passes  off.     Then,  if  the  loads 

fi 
move  8  ft.  until  li\  is  at  the  end,  the  increase  in  the  shear  is  ,.  X  44,000 

4U 

=  H,S(X)  lb.,  and  the  decrease  is 

5.000  X  40        .  ^^^^  „ 
~  =  i),tKK)  lb. 

The  shear  is  therefore  jj^reater  when  H',  is  at  the  end.  If  the  loads 
move  5  ft.  more  to  the  left  until  U\  is  at  tlie  end,  the  increase  in  the 

r-  40 

shear    is    ,,,  X  :U,(KX)  =  4,250    lb.,    and    the    decrease    is   10.000  X  ^ 
4o  40 

=  10. (KX)  lb.  The  shear  is  therefore  j^reater  when  U'a  is  at  the  end, 
and  its  value  is 

"  ^    ■*'  =  {10,000  X  40  +  ]0,(K)0  X  :V)  +  H,im  X  .'iO  +  fi.lKX*  X  24 

+  8,000  X  18)  -;-  40  =  :«,li>0  lb.     Ans. 


§70  STRESSES  IN  BRIDGE  TRUSSES  25 

(d)  When  H\  is  at  C,  10  ft.  from  the  left  end.  W.  is  at  the  right 
end,  and,  since  it  will  cume  on  the  span  if  the  loads  move  to  the  left, 
it  may  be  considered  as  a  part  of  1'  IV.     Then,  if  the  loads  move  8  ft. 

u 

to  the  left,  the  increase  in  shear  is  -     X  4y,0()0  =  9,800  lb.,  and  the 

decrease  is  5,000  lb.     If  the  loads  move  5  ft.  farther  to  the  left,  the 
increase  in  shear  is 

4  X  44,000  +  f^  X  5.000  =  5.750  lb., 

and  the  decrease  is  10,000  lb.     Therefore,  the  shear  is  a  maximum 
when  JP\  is  at  C,  and  its  value  is 

-    -    -iV,  ^  (5,(KX)  X  :i8  -H  10,000  X  :W  +  10,000  X  25  +  8,000  X  20 

+  8,000  X  14  +  8,000  X  8)  -r-  40  -  5,000  =  21,900  lb.     Ans. 


EXAMPLES    FOR    PRACTICE 

1.  A  beam  50  feet  long  supports  the  system  of  moving  concentrated 
loads  shown  in  Pig.  5.  What  is  the  maximum  shear:  {a)  at  the  left 
end  ?  {b)  at  a  section  5  feet  from  the  left  end  ?  (r)  at  a  section  15  feet 
from  the  left  end?    {d)  at  the  center  of  the  beam?  [{a)  92,400  lb. 

An.  J  (*)  "».''tK)  lb. 

i    l(')  5(M»00  1b. 

\{d)  2(>,4(H)  lb. 

2.  A  beam  40  feet  long  supports  the  system  of  moving  concentrated 
loads  shown  in  Fig.  5.  What  is  the  maximum  shear:  (a)  at  the  left 
end?    (*)  at  the  center?  .  .  „     r  (a)  81.750  lb. 

^"**-  \  {b)  23,(K)0  lb. 

CONCENTRATED- r^OAI>  MOMENTS  AND  H1IEAU8 
IN  TUU8SE8 


MAXIMUM    MOMENT    AT    A    JOINT 

17.  Joint  on  the  lioailcil  Chord, — In  order  to  find 
the  maximum  moment  at  a  joint  of  a  truss,  due  to  a  system 
of  moving  concentrated  loads,  it  is  necessary  first  to  find  the 
position  occupied  by  the  loads  for  which  the  moment  at  the 
joint  under  consideration  is  a  maximum.  For  this  purpose, 
it  will  be  well  to  consider  the  manner  in  which  concentrated 
loads  are  transmitted  to  the  panel  points  and  abutments. 
Let  W,  Figf.  11,  be  any  load  moving  over  a  bridge  A  Ii\  when 
it  is  at  a  fioorbeam,  it  is  wholly  transmitted  to  one  panel 
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point;  when  it  is  between  two  floorbeams,  it  is  distributed 
between  the  two  adjacent  panel  points.  In  the  latter  case, 
the  amount  that  goes  to  each  panel  point  may  be  found  by 
resolving  IV  into  two  components  acting  vertically  through 


m 


N  and  M,  whose  values  are,  respectively,  fV-^  =  WX—  and 


JVm  =  IVX--  To  find  the  reaction  at  either  end.  IVy  and 
P 

Wm  may  be  multiplied  by  their  respective  distances  from  the 

other    end,    and    the 

sum  of  the  products 

A/  V  Y  y    ^j  \f  \ff    divided  by  the  length 

of  the  span;  as.  how- 
Jia  ever,  fi^'is  the  result- 
ant of  W^'  and  Wm, 
the  moment  of  IV 
about  any  point  ( such 
as  Wx  about  B)  is 
the  same  as  the 
sum  of  the  moments 
of  Ws  and  IV^  about 

the  same  point.    The  resultant  moment  of  these  components 


about    />'    is    WAx 


m 


+  \V,Ax  +  m)  =   W"  X  Ix 
P 


n) 


-\-  W      X  (.V  H-  w)   =    /Kr.      The    reactions    and    bending 

P 
moments  at  the  panel  points  can,  therefore,  be  found  with- 
out computinji  the'  panel  loads. 

The  load  in  the  end  panel  is  transmitted  partly  to  the  first 
panel  point  of  the  truss  and  partly  to  the  abutment:  the 
former  is  supi)orted  by  the  truss;  the  hitter  goes  directly  to 
the  abutment  from  the  stringers,  or,  if  there  is  an  end  floor- 
beam,  this  transmits  it  to  the  end  joint  of  the  truss.  In 
either  case,  it  simply  increases  the  reaction,  and  causes  no 
stresses  in  the  members  of  the  truss  (except  the  vertical  end 
post  of  a  deck  truss),  and  for  this  reason  the  half-panel  load 
at  the  end  was  omitted  in  calculatinj^  moments  and  shears 
(Stresses  in  Bridge  Trusses,  Parts  1,  2,  and  3).     In  the  present 
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case,  this  portion  of  the  load  will  be  different  for  each  dif- 
ferent posilian  of  the  loads,  and  it  wilt  be  more  convenient 
to  compute  the  reaction  for  all  the  loads  on  the  span,  inclu- 
ding those  in  the  end  panel,  in  exactly  the  same  way  as  has 
already  been  done  in  the  case  of  a  simple  beam.  Then,  th^ 
maximum  moment  at  atty  Jaift/  oi  tht  haded  chord  of  a  ifuss 
ts  ihc  same  as  the  maximum  momi'nf  at  the  corresponding pmni 
>f  a  simple  beam  of  the  same  span  similarly  haded. ,  The 
broken  line  A*  O B\  Fig,  II  {b),  is  the  influence  line  for  the 
moment  at  C. 

18,  Momeut  on  Unloaded  Chord. — In  the  Pratt  and 
other  types  of  simple  tmsseSi  in  which  the  joints  of  the 
unloaded  chord  are  vertically  opposite  those  of  the  loaded 
chord,  the  moment  at  any  joint  of  the  unloaded  chord  is  the 
same  as  that  at  the  opposite  joint  of  the  loaded  chord.  In 
the  Warren  and  other  types  of  trusses  in  which  the  joints  of 
the  unloaded  chord  are  not  vertically  opposite  those  of  the 
loaded  chord,  the  calculation  of  moments  at  the  joints  of 
the  unloaded  chord  requires  special  consideration. 

19;  Bln^le  Moving  T^oad. — The  variation  in  moment 
at  a  joint  of  the  unloaded  chord  of  a  Warren  truss  can  best 


Fig. 12 


be  illustrated  by  considering  the  effect  of  a  single  moving 
load,  such  as  W,  Fig.  12  (a).     As   W  moves  from  B  to  E^ 
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the  moment  at  C  is  equal  to  Ri  X  a',  if  -^  is  the  distance 
of  JV  from  y?  when  IV  is  between  B  and  £,  Rt  is  equal  to 

,  and,  as  x  increases  uniformly,  the  moment  at  C,  which 

is  —  ^  X  fl,  increases  uniformly  until  IV  reaches  B.     The 

variation  in  moment  at  C  as  [F  moves  from  j!?  to  ^  is  repre- 
sented by  B'£*,  Fig,  12  (d).  When  I^is  between  E  and  D^ 
a  portion  of  it,  fKz),  is  transmitted  to  Z>,  and  the  remainder, 

IVstto  Fa  then,  the  moment  at  C\%  equal  to  ^,  X  a  —  Wd  X^. 

It  has  been   shown   that  7?.  X  «  increases  uniformly  as    W 

moves  toward  the  left;   if  z  represents  the  distance  of    W 

W  z 
from   Ey    then    Wd   is    equal    to    —  -,  and,  as  z  mcreases 

P 

uniformly,     Woy    and     therefore     Wd  X  ^-^    must     increase 

uniformly;  hence,  the  difference  between^,  X  a  and  Wd  X^ 

it 

must  change  at  a  uniform  rate;  that  is,  the  influence  line 
from  E  to  D  must  be  straight.  The  variation  in  moment 
at  C  as  IF  moves  from  E  to  D  is  represented  by  E*  D\ 
Fig.  12  (b).  When  W  is  at  the  left  of  />,  it  is  more  con- 
venient to  consider  the  right-hand  reaction;  if  .r.  denotes 
the   distance   from  A  to    JF,  the  moment   at  C  is   equal   to 

^'X{/  — ^).     As   .V,    changes    uniformly,    the    moment 

at  C  decreases  uniformly  as  W  moves  from  D  to  A.  The 
variation  in  moment  at  C  as  W  moves  from  D  to  A  is 
represented  by  //.-/',  Fig.  12  (b). 

20.     IiifliieiuM^    IJnc   for   the    Moment   at    <\ — If  xj 

represents  the  distance  of  D  from  /-i  and  .v'  the  distance  of 
E  from  B,  the  influence  line  for  the  moment  at  C  may  be 

r' 
drawn  by  laying  off  to  scale  E'  E"  ecjual  to  1  X  '     X  (?,  and 

ly  n"  equal  to  1  X  "  '    X  (/  —  a),  and  connecting  the  points 

so  ftnmd  with  each  other  and  with  !V  and  A\  respectively, 
fortning  the  influence  line  A'  D'  E'  />'.     It  may  be  shown,  in 
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p 


a  feimilar  manner,  that  the  influence  line  between  two  con- 
secutive joints  of  the  loaded  chord  of  a  truss  is  always  a 
straight  line.  In  the  present  case,  it  is  evident  that  the 
xnoment  at  C  is  a  maximum  when  the  single  load  is  at  /f,  and 
is  represented  by  C  C";  in  any  case,  ihe  momait  af  a  joint  of 
the  unloaded  chord  of  ike  simp/e  tVarrtm  tmss.  due  io  a  strtffle 
moi'hig  load,  is  a  maxiwum  tvlwn  the  hmd  is  at  one  of  the  panel 
paints  at  the  end  of  tfic  panel  opposik  the  joint. 


HfcKHftK 
fjc.  ta 

21.  Any  Number  of  Loiuls. — Let  AB,  Fig.  13  U),  be 
a  W^arren  truss  over  which  a  system  of  concentrated  loads  is 
moving^  ^nd  let  it  be  required  to  determine  the  position  of 


134— Itt 
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the  loads  when  they  cause  maximum  moment  at  C  at  a  dis- 
tance a  from  the  left  end.  Let  A'  [y  R'  n\  Fig.  13  {b),  be 
the  influence  line  for  the  moment  at  C.  As  the  loads  move 
on  the  span  at  /»',  and  W^  approaches  A\  the  moment  at  C 
increases  until  W^  reaches  E\  if  ;»',,  >■„  etc.  represent  the 
ordinates  to  the  influence  line  at  R',,  W%,  etc.,  the  moment 
at  ris  equal  to  IK, y,  -h  \\\y^  -|-  .  .  .  WnVn-  Now,  if  the 
loads  move  a  small  distance  to  the  left,  IK,  w^ill  pass  E\ 
J'.,  y■i^  etc.  will  each  increase  by  an  amount  that  may  be  called  ^,; 
and  y^  will  decrease  by  an  amount  z.,\  then,  the  change  in 
moment  is  equal  to  ( IK,  +  If ,  H-  •  ■  •  IV„)  z,  ~~  W^  z^,  and 
the  moment  is  increased  or  decreased  according  as  this 
is  positive  or  negative. 

Suppose  that  the  moment  increases  until  IK«  reaches  E, 
and  that  in  this  position  W^  and  \\\  are  to  the  left  of  D\ 
W^  is  between  D  and  E^  and  the  other  loads  are  to  the 
right  of  E^  as  shown  in  Fig.  13  {c).  If  the  loads  move 
a  small  distance  b  to  the  left,  the  change  in  moment  is 
equal  to 

(  H^.  +  H;  +  .  -  -  If-'J  ^.  -  [(  W.  +  \\\)z.  +  ( IF,  +  \\\)  z^ 
and  the  moment  is  increased  or  decreased  according  lo 
whether  the  vahie  of  this  change  in  moment  is  positive  or 
negative.  If  the  moment  is  a  maximum  when  11',  is  at  E. 
a  portion  of  II',  may  be  considered  on  the  left  and  a  portion 
on  the  right  of  E^  so  that 

WrZ.  =  Ii;.-,  +  \V,2.  (1) 

letting  \Vr  represent  the  sum  of  all  the  loads  on  the  right 
of  /T,  including  a  portion  of  the  load  at  E\  IK^..  the  sum  of 
all  the  loads  in  the  panel  D  E^  incinding  a  portion  of  the 
l<iad    at   E\    and    H'/,    the    sum    of   all    the   loads   to   the   left 

of  n. 

In  Fig.  13  {d),  if  ,V  D'  and  />"/:"  are  produced,  they  will 
meet  at  C  at  distanrcs  a  and  /  —  </  from  .-/'  and  />'.  respcc;- 
ively.  l^)y  similar  triansrles,  the  following  values  can  1^- 
readily  f<»uiul: 

,  ^,C'  C"         ,        C'C"  ,  .,  C  i'"       ;.,('(  " 

Zy    —    /'  X  ■--    /'   y:  \    ..    ■■-    /'  ,<  =  /'  X 

O'li'  I  -a  A' C"  a      ■ 
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=  bX 


ly^  E** 


l-a- 


a-^  ^ 


=  ^     CO^ 


-ca* — * 


G'-O 


aU  ^  a) 
Substituting^  these  values  in  equation  (1) 


X  Ax 


whence 


=  iF.x^^xr'C'x 


2 

a{i  —  a) 


^W.y^b 


OC^ 


w.= 


2  a 


IV, 


+  w, 


and 


i  & 

or,   denoting   by  I IV  ihe    sum    IVr  -f  IV^  +  ^V^  of    all   the 
loads  on  the  span. 


f +w 


and   W  4-  -/  =  ^  X  I  W 


II  a         '  "   -     "  2 

From  this,  the  following  principle  may  be  given  for  find- 
ing: the  maximum  moment  at  a  joint  of  the  unloaded  chord 
of  a  Warren  truss:      The  maximum  moment  dkt'  to  it  sys/em  of 
^^pievrng  conetniraied  loads  obtains  when  one  of  ifte  loads  is  at  the 
ntxf  f*f^ntf  poivi  of  ihe  haihd  rltonf  to  the  right  6r  teit  of  the 
joint  fonaitfereti.      The  toad  at  thi'  p^tiul  jmnt  must  be  such  tftal^ 
Hter^»  amsidetrd  part  on  one  side  and  pari  on  the  otfitr  sidr  of 
^mi^e  p/f//et  p&int,  the  mm  of  om'haff  the  loads  in  the  panel  oppo- 
^^siie  the ^^iveii  joint  and  ihe  totrds  on  the  left  of  the  panel,  diinded 
by  the  length  of  tntss  to  the  left  of  the  joint,  is  equal  to  (he 
average  intensity  of  load  on  the  span. 


I 


22.  Value  «f  tlix*  Moment. — As  the  influence  line» 
Fig.  13  ib).  is  straight  between  D  and  E,  and  as  C  is  mid- 
way between  D  and  fi.  the  ordinate  at  t*  is  equal  to  one-half 
the  Slim  of  the  oidinates  at  D  and  E.  It  can  be  shown  that, 
for  any  number  of  loads,  the  momeoT  varies  uniformly 
between   panel  points.     The   momeut   Mt  at  C  is  equal   to 
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one-half  the  sum  of  the  moments  Afo  and  Mb  at  D  and  Ey 
respectively;  that  is, 


Example. — What  is  the  maximum  moment  due  to  the  system  of 
concentrated  loads  shown  in  Fig.  4,  at  the  second  joint  Cof  the  upper 
chord  of  a  six-panel  through  Warren  trnss,  assuming  the  span  to  have 
a  length  of  60  feet? 

Solution. — As  the  system  of  loads  is  shorter  than  the  truss,  it  may 
be  assumed  that  all  the  loads  will  be  on  when  the  moment  is  a  mazi- 
niam.     Then,  a  =  15  ft..  /  =  60, ft.,  and 

-^  X  -1'  fT  =  ^  X  49,000  =  12,250  lb/ 

Let  D  and  E  be  the  panel  points  to  the  left  and  right  of  C,  respect- 
ively. When  IVt  is  at  £",  if  all  of  W^,  is  considered  on  the  left  of 
the  point  E^  we  have 

IT,       15.000       .  _-  ,. 
lVf-\-—~  =  —  ~ —  =  / ,500  lb. 

As  this  is  less  than  12,250,  the  moment  is  not  a  maximum. 
When  IV3  is  at   E,  if  all  of   Jf,   is  considered  on  the  right  of  the 
point  E,  we  have 

/{- ;  H-  ^'t  ^  5,000  +  ?*^-V^  =  10.000  lb. 
If  all  of  il\  is  considered  on  the  left  of  E, 

IV,  +  "/  =  5.0(K)  +  ^^'!^  =  15.000  lb. 

As  one  value  is  less  and  the  other  greater  than  12,250,  the  moment 
is  a  maximum. 

When  ti\  is  at  /T,  W,  is  at  D,  and,  if  l{\  and  W,  are  considered 
on    the    rij^ht    of   E  and    £>,  respectively,   giving   the  smallest  value 

of  U',+  f/,  then, 

WV  -h^/  =  5.(H)(»  +  -''*-.^^  =  15.000  lb. 

As    this   is   greater    than    12,250.   the   moment   is   not   a   maximum. 
ThtTefnro,  the  only  position  that  causes  a  maximum  moment  at  C,  is 
when    U'l    is   at    E.      We    have.  then,    for    the    reaction    A',   and    the 
moments  at  the  points  /?.  E,  and   (^,  respectively. 
A'.  =  (.">.1KH)  X  5:j  +  10. (XK^  X  45  +  10. UK)  X  -10  +  S.UH)  X  X.  +  K.OOO  X  2t» 

+  s.(KK)  y  2;ti  ~-  <*i)  =  ::o.isn  ih. 

,1/^  =  :tn.l.S(»  X  10  -  5.0(K)  X  '■>  -  2Kti.K(M)  ft. -lb.: 
.?/^  =  30, 1  so  X  20  -  5, (KM!  X  l.'J  -  1(»,0(H)  X  5    =  4SS.(«M)  ft. -lb.; 

A/c   =         -       -Jz- -  =  3y<.*0tl  ft.-lb.     Ans. 
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EXAMPLE    FOR    PRACTICE 

L*t  the  eig;ht-panel   through  Warren    truss   represeDted   in    Fig.   14 
Bupport  Ihe  system  of  moving  concentrated  loads  represented  in  Fig.  5. 


r 

1 


jL_l 


Pl(S.  t4 


|What  is  the  maximum  mometit:  {a]  at  joi^t  c?  {b)  at  joint  ^T  U)  at 
lint  B} 

Ads. 


i(0    lr^8l>.4U0  ft. -lb. 


MAXIMUM    SnEAH    IN    A    PANEL 

23-  Introtluctlon.^In  Sircsses  in  Bridge  Trusses,  Part  1, 
it  was  explained  that  the  shear  due  to  a  uniform  load  in  any 
panel  of  a  truss  is  uniform  between  the  panel  points;  in  the 
case  of  concentrated  loads^  ihey  are  transmitted  to  the  trusses 
at  the  panel  points,  and+  therefore^  the  shear  at  all  points  in 
any  panel  is  the  same.  The  position  of  the  joints  of  the 
unloaded  chord  with  respect  to  those  of  the  loaded  chord  has 
no  effect  in  the  computation  for  shear. 

24.     Influence  Line  for  8hear  In  a  Panel. — Let  A  B, 

Fig.  15  (ii)»  be  a  truss  that  supports  a  load  of  unity  that 
moves  from  B  to  W,  and  let  it  be  required  to  construct  the 
influence  line  for  the  shear  in  panel  CD,  As  the  load  moves 
from  B  to  D.  the  shear  is  positive  and  equal  to  Rv.  and 
increases  uniformly  as  the  load  moves  toward  D\  as  the  load 
moves  from  D  to  C  the  shear  decreases  uniformly,  and  is 
equal  to  /?.  minus  the  portion  that  goes  lo  C\  it  becomes 
sero  for  some  position  of  the  load  between  D  and  C\  then  it 
lis  negative  and  increases  numerically  until  the  load  is  at  C, 
when  the  shear  is  — /?,,  As  the  load  moves  from  C  to  A, 
the  shear  changes  from  —  j?*  to  zero;  that  is.  it  increases 
algebraically,  although  its  numerical  value  decreases  from  j?. 


.*^4 
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to  zero.  The  broken  line  B' D' C  A\  Fig.  15  (h).  is  the' 
influence  Hue  for  shear  in  the  panel  CD,  the  portion  B'  ly 
being  parallel  to  the  portion  C*  A\  as  can  be  easily  shown. 
The  ordinales  ly  D*'  and  C*  O'  are  equal,  respectively^  to  A\ 
and  R,^  the  former  of  these  reactions  being  for  the  position  D\ 
of  the  load,  the  latter  for  the  position  C.     The  point  A*  wliere 


Fig.  15 

C  Z7  crosses  A*  B^  is  where  the  load  causes  no  shear  in  ihe 
panel  C/?.  In  this  case,  the  portions  of  the  load  that  go  lo  C 
and  Z>  are  equal  to  R,  and  /^.,  respectively,  since  the  shear 
equals  ^i  minus  the  portion  going  to  C;  and^  if  the  shear  is 
equal  to  aero,  then  R^  equals  the  portion  going  to  C.  It  can 
be  shown  that  the  influence  line  for  shear  in  any  panel  is 
straight  between  the  panel  points. 

25i  Any  Number  of  LoadB. — Let  Fig.  16  (a)  represent 
a  truss  over  which  a  system  of  concentrated  loads  is  moving, 
and  let  tt  be  required  to  determine  the  position  of  the  loads 
when  they  cause  maximum  positive  shear  in  the  panel  C/?. 
The  influence  line  is  shown  in  Fig.  16  (It).  When  the  Hbear 
is  a  maximvim,  there  will  be  few  or  no  loads  in  the  panel  tT/?, 
and  probably  none  lo  the  left  of  O  but^  in  order  in  generalize 
the  discussion,  it  will  be  assumed  Ihat  there  are  loads  to  the 
left  of  C  as  well  as  in  the  panel  CD.     Let  iVt,  W^,  and  IVr^ 
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represent*  respectively,  the  sum  of  the  loads  to  the  left  of  C 
in  the  panel  CD,  and  to  the  right  of  D\  and  let  2'  W  be  the 
sum  of  all  the  loads  on  the  span.  If,  when  the  loads  move  a 
short  distance  b  to  the  left,  the  changes  in  ihe  ordinales  to 
the  influence  Ime  are  represented  by  ^,,  r„  and  ^„  Fig.  16  (b), 


Flo.  IB 


the  change  in  shear  will  be  Wtz»  +  WrS^  -  W^i^,,  The  shear 
will  be  a  maximum  when  a  load  is  at  D  such  that,  if  a  por- 
tion of  it  is  considered  to  the  left  and  a  portion  to  the  right 
ol  D^  the  following  equation  obtains: 

h;^.  +  iiv^,  =  w,^,       (1) 

From  similar  triangles  in  Fig.  16  (b),  the  following  values 
are  obtained: 


wn  ^  ffyi 


en* 


n  [y 


lyD" 


a^P 


i 


3fi 
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Substituting  these  values  in  equation  (1),  multiplyiiiE^  byJ 


I  —  a  -p 


by,  ly ir 

whence 

and 


-,  and  reducing^ 


/       p 


p 


Hence  the  following  principle:  The  maximum  posiiive 
shear  in  any  panel  of  a  /russ^  due  to  a  .system  of  moving:  concen* 
(rated  toads,  obtains  when  one  of  (he  toads  is  at  the  joift(  (o  the 
right  of  the  panet  considered.  The  load  at  the  panel  point  must 
be  such  that,  if  a  portion  of  it  is  tonsidert'd  on  eac/i  side  of  the 
Joint,  the  ai'eragt'  intensity  of  load  in  the  panel  is  equal  lo  the 
average  intensity  of  load  an  the  span. 

2G.     Value  of  tho  shcur. — The  shear  is  equal   Xo  R^ 

minus  the  purtion  ut  the  loads  in  the  panel  that  goes  to  the 
left  of  the  panel,  minus  the  sum  of  all  the  loads  to  the  left 
of  this  joint.     If  Wx  is  the  moment  z[  any  load  about  the 

I'Wx 
~l 

any  load  in  the  panel  aboTii  the  joint  at  the  right  of  the 
panel,  the  portion   that   goes  to  the  joint  at  the  left  of  the 

P 


4 


right  end,  R^  is  equal  to 


If   Wz  is  the  moment  of 


panel  is  equal  to 


The  shear  is,  therefore, 


V  =  -- 


V  W.X 


^W. 


-  w, 


I        p 

Example.— The    su-panel    through  Warren   tniss   represcnied    in 
Pig.  17  supports  the  system  of  moving  concentrated  loads  shown  in 


Ftc.  17 

Fig.  4.    What  is  the  maximum  positive  sheorj  (a)  in  the  panel  CD\ 
(d)  in  the  panel  DE'i 
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Solution.— (a)  Wbea  ff',  is  at  D,   H\  is  at  B,  and  may  be  con- 
sideTed  as  off  the  bridge;  then, 

K  ^^  =  ^  X  41,000  =_6,833  lb. 

^^     As  Wi  is  5,000  lb.,  or  less  than  B.SS,'?  lb,,  the  shear  is  not  a  maxi- 
mum.   When  if\  is  at  D,  all  the  loads  are  oti  the  spao;  thea, 

^k  **^^  "^  ^  ^  49,000  =  8,1B7  lb. 

H%  ^  5,000  lb.,  and  If; -h  tV^  =  I5,000lb.  As  one  is  less  and  the  other 
^^greater  than  H^f,  the  shear  is  a  maximum  when  fV^  is  at  /^,  Then, 
^k^  =  (5,000  X  38  +  10,000  X  30  +  10,000  X  ^  +  ft^OOO  X  20  +  8,000  X  14 

t 


+  fi,000  X  8)  ^-  60  "  -^p^  =  13,930  lb.     Acs. 
{6}     When  If,  is  at  E,  fVt  and  U\  are  off  the  span;  then, 
tf'   =  1?  X  33.000  =  5,f»00  lb. 

Afl  Ihts  is  greater  than  W^,,  the  shear  is  not  :t  maximum. 

at  ^,  fF«  is  off  the  span;  then 

W^  =  ^X  41.000  =  a.833  1b. 


When  r. 


As  this  is  greater  than  Wi  and  less  than  Wt  -\-  Wt,  the  shear  is  ix 
rnaximum.     Thed, 

6,U00  X  aa  -h  10.000  X  20  -I-  lO^Ono  X  15  +  ti.OOO  X  iO  -*-  8,000  X  4 

GO 


6>0Q0XB 
10 


=  e.flSO  lb.    Ans. 


EXAMPLE    FOB    PRACTICE 

The  eight-panel  throiig^h  Warren  trusfi  represented  in  Fig.  14  sup- 
ports the  systeni  of  moving  concentrated  loadK:  represented  in  Fig^  .5, 
What  is  the  maximum  positive- shear;  {a)  in  the  panel  b^Y  {b\  in  the 
panel  <:rf?  {c\  in  the  pauel  f'fT?  [  (a)  S|.4fK)  lb. 

AdsJ  (fi)  B:i.:i40  lb. 
^H  \{c)  27.090  lb. 

^H  MAXIMUM    FLOORBEAM    ASn    PANEL    LOAT>,>^ 

^V     27  •     Miixlniiiiii     Flon  rbca  III     Ijnarl. — The     load     that 
comes  on  a  floorbeam  is  equal  to  the  sum  of  the  reactions 

on  the  stringers  in  the  two  adjacent  panels.  This  is  equal 
to  twice  the  reaction  from  one  stringer  if  the  panels  are 
equal  and  uniform  loads  are  considered,  but  for  concentrated 
loads  the  reactions  will  ustially  be  different,  and  it  is  neces- 
sary to  determine  the  position  of  the  loads  when  they  cause 
the  maxiinuTn  load  on  a  floorbeam. 
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Let  Fig,  l-'^  ((t)  represent  two  adjacent  panels  of  a  floor 
system ^  of  lengths  a  and  a\  respectively,  and  let  it  be 
required  to  determine  the  maximum  reaction  at  C  as  a 
system  of  concentrated  loads  moves  from  B  to  .-i.  The 
stringers  may  be  assumed  to  be  simply  supported  at  A^B, 
and  C,  so  that  the  reactions  at  these  points  may  be  com- 
puted as  usual.     For  example,  the  reaction  at  C  due  to  H'  is 

IVx 

— ■  ,     A  load  at  C  is  supported  directly  by  the  floorbeam. 
a' 

The  line  B' C A\  Fij^.  18  {*),  is  the  influence  line  for  the 
reaction  al  C  arid,  as  this  has  the  same  form  as  (he  influence 
line  for  the  moment  at  C  in  a  beam  of  the  length  A  B»  it  can 

be  shown^  in  a  man- 

^  ISl _„  ner    similar    to    that 

employed  in  An.  o» 
that  the  condition  for 
maximum  moment  at 
the  section  T  in  a 
beam  of  length  AB 
is  also  the  condition 
for  maximum  re- 
action at  C  That  is: 
ne  had  im  a  fhor- 
beam  that  comes  from 
two  aiijact'fit  paneh  is  a  iHAximum  when  su(h  a  toad  is  al 
ike  floorbeam  tkai^  if  considered  pari  on  each  sidCy  the  average 
intensiiy  of  had  on  the  panel  to  the  left  is  equal  to  the  fiver' 
age  iiifensily  of  load  on  the  panel  to  tJte  rights  and  also 
equal  to  tfie  average  intensiiy  of  load  an  the  two  panels  taken 
together. 

In  the  ordinary  case,  the  panel  lengths  a  and  a^  are 
equal,  and  the  principle  just  stated  then  reduces  to  the 
following: 

The  load  on  a  floorbeam^  n'heti  the  pallets  on  each  side  of  H  art 
equals  is  a  maximum  when,  such  a  had  is  at  the  floorbeam  thai^ 
if  considered  part  on  each  side,  the  load  i?i  the  pa^iel  to  tlte  left 
will  he  equal  la  the  load  in  the  panel  to  the  rights  and  equal  to 
om-half  the  sum  of  the  loads  in  the  two  panels. 
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28.  Maximum  l^tiit'l  LautK— The  niastimuni  panel 
Load  can  be  found  from  the  maximum  floorbeam  load.  In 
almost  every  case,  the  former  will  be  equal  to  one*ha)f  xhv 
latier. 

ExAMPtK.—What  is  Ibe  raaximura  panel  load  In  a  truiw  that  nup- 
Eporis  the  system  of  loads  &hi>wn  in  Fig.  4,  the  pallets  beitig  ]A  feet  lonK? 

SoiATTiON, — In  dct^jrmining   mtixitmiru  momcnfs,  it  htkn  1h*cti  Wfii 
lat  ibe  condlciua  K  usvmlly  satisfied  when  one  tti  the  heaviri  Um(\%  in 
kt  tbe  section.     In  ihis  case,  then,  it  will  bt  iindecessary  Tu  Iry  li\  wt  C 
ten  U\  is  at  C,  the  total  load  in  both  panels  iH  M.S,IMK>  lb.;  nH  one- 
half  of  this  is  greater  than  the  sum  of  ff-',  fltad  H^t,  this  pofiltlon  <1oc« 
^^flcit  give  a  mBximnin. 

■  When  U\  is  at  C,  the  total  load  is  41,000  lb.  A&  nne-hnU  oC  41, (NA) 
is  g^reater  than  the  sum  of  U'',  and  ff'.,  and  legR  tfian  the  fiUni  of 
W,,  ^r,.  and  W*,,  this  position  fulfils  the  conditions  im  a  mjixirnnm. 
When  lf\  i%  at  C  the  totul  Itjail  is  equal  tt>  I4.U01J  Ih.  A*  r*nf-half  ti( 
44,000  i£  greater  th^in  the  sum  of  /(',  'and  H\,  and  lentt  Hum  Ihv  Huni 
ot  ff',.  f/^,  and  U\.  this  position  fulfils  the  cnndkion*  for  A  mjuiimuru. 

When  H\  is  at  C  the  panel  load  is 
5,000  X  2  +  10.000  X  10  +  8,*jy0  X  4  +  H.OOO  X  10   ,    ,_  __ 


lo 


When  H\  is  at  C,  the  panel  load  is 
10.000  X  5  +  10,000  X  10  +  8,000  X  3  +  K.OOO  X  9 


12.400  Ib> 


-  1S,300  lb. 


/' 


The  panel  load  is,  tberefome,  grea-test  wbeo  IV^  i«  ftt  C;  it  U  Mitial 
toli.lOOlb.    Ans.* 

IE1CAMPL.K8    FOB    FKAtrrfCE 
1.     If  the  system  of  cooceatraled  (oftih  fthovo  m  Pig.  4  mom  mow 
»  bridge,  wbat  i»  ibe  mft^mufD  lo*d  Uwi  com**  oo  *  0oorbMis  mrp- 
portiog  the  adjacent  cads  oi  tiro  paneb  12  aad  15  feet  loog.  mpcetlvvlf  f 

An*.  2^;i0011», 

oo  s  tram  tkat  aappoffto  tW 

ia  FH(  &.  vbn  tbc  lenytli  U  pAMb  b  3t  iMt^ 

»d»  of  tvo  apiAM  lOaatf  aOtoiC  loo|^ 

Wtat  fathe  ■■ifwni  Wad  oa  tW  pitr 

cacli  bhc  dMi  i>iwf  ia  fig.  », 

int  rk<ij  load  a<  Ite  ■■iiail  iyMMi  «•  fas  7  faaC 

totbcns]b««tftb»tac)o«do«Cfr»ta(«yM«r  Am.  M.TWifa, 
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STRESSES   DUE   TO   CONCENTRATED 
LOADS 


paralt.etj-ciiord  trusses 


he 

1 


S1NGI.K-9YSTEM    TRUSSES 

29i     From  the  preceding  principles,  the  live-load  stresses 

in  the  inembers  of  any  parallel-chord  truss  with  a  siagle 
system  of  web,  and  in  the  members  of  Warren  trusses  with 
secondary    verticals,    can    be    reatlily    determined.     As    the. 
maximum  live-load  stresses  are  usually  desired,  it  is  neces 
sary  to  find  the  maximum   live-load  moments  or  shears, 
explained  in  the  preceding  pages- 

For  example,  lo  find  the  maximum  live-load  stress  in  the 
diagonal   KC  of   the    truss  A  B,  Fig,   17,  the  shear  in  the 
panel   G C  \^  considered.     The  live-load  tension   in  ICC  is 
jjreatest  when  the  positive  live-loaci  shear  in  the  panel  G 
(or  on  the  plane  of  section;*^)  is  a  maximum;  the  live-loa< 
compression  is  greatesit  when  the  negative  live-load  shear 
the  panel   (i  C  is  a   maximum.     As  the   maximum  positivi 
live-load  shear  in  the  panel  EF  is  equal  to  the  maximum 
negative   live-load   shear    in    the   panel   G  C,   the   maximum 
live-load   tension    and    compression    1:1    the    diagonal   KC^^ 
are   equal,   respectively,   to   the  product   of  esc  H  and   the^^ 
maximum  positive  shears  in  the  panels  ("7  C  and  TT/",  found 
as   explained    in   Art,   25  (or  the   system    of  loads    under 
consideration. 

The  live-load  stress  in  the  chord  member  K N,  Fig.  17,  xi 
equal  lo  the  live-load  moment  at  T  divided  by  the  height 
the  truss,  and  is  greatest  when  the  moment  at  C  is  a  maxi- 
mum.    The  maximum  ni<jment  at  C  for  the  system  of  loadi 
under  consideration  can  be  found  as  explained  in  Art.  17< 
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Similarly,  the  stress  in  6'Ccan  be  found  from  the  moment 

at  A'  found  as  explained  in  Arts.  2  1  and  22. 
^L      In  the  following  pages*  whenever  stresses  are  mentioned, 
^■live-load  stresses  are  meant,  unless  dead-load  stresses  are 

specified. 
^L     The    methods    of    finding    the    stresses   in    some   of    the 
^Tnemhers   of    the    Baltimore   truss   and   in   the   members   of 

multiple-system  trusses  will  now  be  discussed. 

^^^^^^P  THE    BALTIMORE    TRUSS 

^f    30.     In  the  Baltimore  truss.  Fig.  19  (a),  the  maximum 

stresses  in  the  upper-chord  members  can  be  found  from  the 

n^aximum   moments  at   the   opposite  joints;    the   maximum 

stresses  in  the  lower  halves  of  the  main  diagonals  can  be 

found  from  the  maximum  shears  in   the  respective   panels; 

I      and  the  maximum  stre^^ises  in  the  subverticals  nnd  substruts 

^bcan  be  found  from  the  maximum  panel  loads.    There  remains 

1^  to  be  considered  the  maximum  stresses  in  the  lower-chord 

kiriembers»  in  (he  upper  halves  of  the  mam  diagonals,  in  the 
counters,  and  in  the  main  verticals. 
31.  Lower  Chord.— The  maximum  stress  in  the  end 
panel  of  the  lower  chord  is  equal  to  the  horizontal  com* 
ponent  of  the  maximum  stress  in  the  lower  half  of  the  end 
post,  which  is  found  from  the  maximum  shear  in  the  end  panel. 
The  maximum  stress  in  any  other  part  of  the  lower  chord, 
such  as  CjZ?,  Fig.  19  {a)^  is  found  from  the  moment  at  the 
center  of  moments  in  the  upper  chord,  in  this  case  joint  A". 
The  plane  i/  that  cuts  G  D  and  two  other  members  is  to  the 
right  of  the  panel  load  at  G,  while  the  center  of  moments  is 
to  the  left  of  this  panel  load;  the  moment  of  the  load  at  6^ 
IS  then  opposite  in  sign  to  that  of  the  loads  to  the  left  of  C 
On  this  account,  the  influence  line  for  ibe  moment  at  ^  is 
diflferent  from  the  influence  lines  that  have  already  been 
fdiscussed,  betn^j  composed  of  three  lines  ff,  D,,  f>,G,,  and 
GtAi,  Fig.  19  [h).  Now.  if  Ws  denotes  the  sum  of  the 
loads  in   the  length  A  C,  W^  the  sum   of  the  loads  in  the 


I- 


STRESSES  IN  BRIDGE  TRUSSES 


§70 


length  GD  (the  panel  cut  by  the  plane  ^),  and  2'  W  the  total 
load  on  the  span  A  B,  it  may  be  shown,  in  a  manner  sin^tlar 
to  ihat  employed  in  Art.  21,  that  the  moment  ai  E  u  a  mast' 
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mum  when  such  a  load  is  at  G  that,  if  coytsidered  part  07i  ont 
side  and  part  o?i  the  giher^  the  diHerence  between  the  loads  to  the 
left  of  G  and  those  in  panel  G  />,  divided  by  the  length  of  the 
truss  to  the  left  of  the  center  of  monteftts  is  equal  to  the  average 
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intfffsity  of  ike  load  on  the  span 
>   lower  chord  is  a  maximum  when 
Mb  Wi  -  W^  ^  i"  w 

■  a  i 

I 


That  is,  the  stress  in  the 


or  when 


\Vi 


n;  =  "x  ~iv 


32.  ITppcr  IlJiir  of  Miilii  IHn^otui]^^,  —The  influence 
line  for  the  vertical  cumponent  ot  the  stress  in  the  upper 
half  of  a  main  diagonal,  such  as  fi  H,  Fig".  19  (a)^  may  be 
drawn   by  computing   the  vertical  component  of  tfie  stress 

»due  \o  a  load  of  unity  that  moves  over  ihe  span.  Tiiis  line  is 
composed  of  the  three  straight  lines  B*  D*^  ly  C\  and  O  A\ 
Fig,  19  {^);  this  is  exactly  the  same  as  the  influeiice  line 
for  shear  In  the  panel  C I^  of  a  Pratt  truss  having;  the  same 
length  and  half  as  many  panels  as  the  truss  represented  in 
Fig.  19  [a).  It  can  be  shown  (see  Art.  25)  that  the  stress 
iu  EH  is  a  maximum  when  there  is  such  a  had  at  D  thal^  i! 
considered  part  on  cark  side,  the  average  intensity  of  had  in  ihe 
dotibte  pant't  CD  is  equal  to  the  ai'cragie  intensity  of  toad  on 
t}i£  Span,     That  is* 

Im,  _   IV. 
2P  /"' 

: 


"Whence 


w,,  =  "^l^xiiv 


The  vertical  component  of  the  stress  in  Elf  c^n  be  found, 
as  usual,  by  subtracting  from  Ihe  shear  in  panel  CG  one-half 
the  panel  load  at  G^  both  being  c*>mpuied  when  the  loads  are 
in  a  position  that  satis^es  the  condition  just  stated;  the  result 
is  the  same  as  though  the  shear  were  e<:imputed  in  the 
el   C fJ  of  the   Pratt  truss  already  mentioned. 


M  in  a 


33.  Int**rniocllati*  Vertlcalti. — The  stress  in  any  inter- 
mediate vertical,  such  as  EC,  Fig-  19  {a),  is  a  maximum 
when  the  stress  in  the  adjacent  dingonal  is  a  maximum,  and 
is  equal  to  the  vertical  component  of  the  maximum  stress  in 
that  diagonal. 

S4.      IIlp  ViTtU'iil.  —The  inthieiK'e  line  fur  the  sirens  in 
M  is  represented  in  I'ig.  ly  ((/),  atid  has  ihe  same  form  as 
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the  influence  line  for  the  moment  at  the  center  of  a  beam^ 
having  a  span  equal  to  four  panel  lengths.  Therefore,  tt 
stress  hi  the  hip  irrtitaf  is  a  maximum  urhni  stick  a  fotuf  is  at 
its  foot  that,  ii  considered  part  on  fucii  side,  the  aiferage  iniettsity^^^ 
of  iiie  load  in  (he  two  panels  to  ttie  left  is  equal  to  the  aifcragie^^ 
intensity  of  /he  load  in  the  twa  panels  to  the  righL  It  can  be 
shown  that  the  stress  in  L  Af  is  equal  to  the  maximum  partel 
load  for  a  truss  having  a  panel  length  equal  to  2p. 

35*  Counters, — When  the  upper  half  of  a  counter  is  ii 
action,  the  lower  half  of  the  inain  diagonal  in  the  same  panel" 
is  out  of  action,  and  the  stress  in  the  counter  may  be  foundj 
as  usual,  from  the  shear.  The  vertical  component  of  th< 
stress  in  the  lower  half  of  a  counter,  such  as  CII.  Fig,  19  (a), 
is  equal  to  the  maximum  negative  shear  in  the  panel  CD  o\ 
a  Pratt  truss  of  the  same  span  and  half  the  numher  of  panels^ 

ExAMPT.R.^ — The  Baltiniore  tniSH  stiown  in  Fij^,  20  is  nne  truss  of  a 
britlfj*;  ihat  Htipportu  ihe  sy?iteiii  of  concetitrated    load*  followed  hy  a 
uuifuriD  load  represented   iu   Pi>j.  2L     What  is  the  maximum   stress: 
{a)  in  the   upper-chord    member  C E}    {b)   in  the  lower-chwrd    rnem-^^ 
ber  de?   {c)  in  the  tltagnnal  CD}    id)  in  the  vertical  Ci'}  [e]  fn  rho^f 
counter  (tF?    It  is  assumed  that  uae-halt  the  load  is  carried  by  one  truss. ^^ 

Solution. ^(u)  ThestresRin  C^isequal  to  the  moment  at  f  divided  i 
by  3i(J.  It  can  be  found,  by  trial,  that  the  firsit  position  that  sattsfi^s^H 
the  condition  for  a  masinmm  moment  is  when  U\  is  at  e.    In  Thistase,  ^H 

J  =  r^  ^  ij.     The   numerical   work  can  be  arranged  coavftniently  in 

tabular  form  as  follows: 


I 

el 

] 


Postiion  of 

■iw 

I'aunds 

m 

Ui»a 

Pounds 

Pounds 

W^  at^ 

74S,QOO 

24g,3«Jo 

Betweeti  a32«D00  and  24^,000 

U\   attf 

768,000 

256,000 

Betwfcn  344.000  and  266,000 

W,.  Gt  € 

Stxj.ooo 

266,700 

Between  266,000  and  2S4.Q00 

r..at* 

St4,ooo 

371.300 

Between  a66.ooo  and  ^c/i.ooq 

W,,  at  e 

794.000 

264,700 

Hetween  266,000  and  306,000 

As  the  values  of  ^  X  ^'  W  (or  W^.  U\«,   and   H\,  lie  between  the 
extreme  valuee  of  fVt,  respectively,   tLiese  tliree  poisitioas  satisfy  Cbtt 
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condition  for  a  maximum,  and  it  is  necessary  to  compute  the  moment 

for  each  position  to  find  the  greatest. 

When  U^^  is  atv,  A*,  —  vl8o,30()  lb.,  and  the  moment  at  f  is 

385,300  X  eO  -  (18,000  X  48  +  KiO.OOO  X  32.5  +  88,000  X  7.5) 

=  16.394,0(X)ft.-lb. 

When  W,o  is  at  e,  R^  =  42(1,144  lb.,  and  the  moment  at  e  is 

420,144  X  60  -  (18,000  X  56  +  HiO.OOO  X  40.5  +  88,000  X  15.5) 

=  16,;i56,H40  ft.-lb. 

When  ff^„  is  at  e,  R^  =  438.011  lb.,  and  the  moment  at  e  is 

438,011  X  60  -  (160.000  X  48.5  +  88,000  X  23.5  +  18.000  X  8) 

=  16,:J08.(i60  ft.-Ib. 

The  greatest  of  these  moments  occurs  when  W^  is  at  e.     Then,  the 

stress  \n  CE  is 

16.394.000       „-  ,^ ,.  .  . 

— ^-,y-    =  2/3,200  lb.,  compression.     Ans. 
6  X  •'>0 

{b)     The  stress  m  de  \s  equal  to  the  moment  at  C  divided  by  30. 

It  will  be  found,  by  trial,  that  the  conditions  for  maximum  moment 

at  Care  satisfied  when  W.,  W,.  H\„y  and  W^i,,  respectively,  are  at  rf. 

The  results  of  the  calculations  are  as  follows: 


Position  of 

S«' 

Pounds 

»'i  -  »> 

Load 

Pounds 

Pounds 

w. 

at^ 

708, (XX) 

118.000 

Between 

18,000 

and 

76,000 

u\ 

at  (/ 

728. CXX) 

I2I,3(K> 

Hetween 

76,oc»o 

and 

134,000 

IK 

at  rf 

76S,ufx> 

I  28. (XX) 

Between 

I  12. (XX) 

and 

134,000 

w. 

at  d 

78S.(XX> 

I3!.3<x) 

Between 

I34.txxj 

and 

178. (XX) 

IK 

ntd 

Sn),(ioo 

I35,ixxj 

Between 

i8().(xxj 

and 

230,000 

IKo 

at  d 

8U'-',<.MK) 

I33.7<)«j 

Between 

I  ro.ooo 

and 

14(.»,(XK) 

IK. 

at  (7 

754. (XK) 

I  2  5, 71 K) 

Between 

2(>,(XH) 

and 

(j(),i)O0 

ii\. 

at  d 

734, .xx) 

I22,3(X) 

Hetween 

2(1,000 

and 

106.000 

li\. 

at  (/ 

754. (XH) 

125,700 

Hetween 

lod.ooo 

and 

K>4.o(xj 

W'.. 

at  d 

752,<x)»» 

125,300 

Between 

I42,(KXJ 

and 

201, 0(X) 

Since   the   value  of    .  X  -  /^  lies   hetween    the    extreme    values   of 

//';  —  li'f,  when  li\,  U'\,  H\o.  and  H',,.  respectively,  are  at  d,  the  con- 
ditions for  niaxinuini  moment  at  Care  fultiiled  for  each  of  these  posi- 
tions, and  it  is  necessary  to  ealuulale  the  moment  for  taeh  position  to 
find  the  greatest  moment. 

The  moment  at  C  is  e(inal  ta  A\  multiplied  by  30.  minus  the 
moment  of  all  the  loads  to  the  left  ()f  <■  about  (\  plus  the  moment 
(•f  the  panel  load  at  d  about  C  as  explained  in  Sf/rsst's  in  Bridge 
l^iiissrs,  Part  2. 
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When    H\   is  at  tf.   A*,   is  ;M3,744   lb.,   and  the  panel  load  at  d  is 
.333  lb.     Then    the  moment  at  C  is 

34^^.744  X  30  -  IM.ftXl  X  S  +  K7..'?:i3  X  l^  =  11.478.320  ft.-lh. 
Wh«n    li\   is  at  d,   #,   is  3H5.:^)0  lb.,  and   the  panel  load  at  d  is 
i7..'^33  lb.     Then,  Ihe  moment  at  C  is 

385,aODx30  -[(1H.W)I>X  18)  +  ^40,000  X  10)  +  (40,000  X  6)] 
-|-?>7,:t3;3  X  15  =  11,4W5,000  ft, -lb. 
When    W^,#  IB  at  d.  /?i  is  429,i>44   lb.»  and   the  panel  load  at  d  is 
56.200  lb.    Then,  the  moment  at  Cis 
421)».>44  X  *«U  -  ( I'AJ.tKW  X  23  +  22.000  X  9  +  22.000  X  3)  +  55,200  X  15 

^=  10.712.320  ft^'lb. 
When    ^'„  is  at  d,   A\  is  :jKliv011   lb.,  and  the  panel  load  at  d  is 
Oti.ObT  lb.    Then,  the  moment  at  C  is 
38ti,011  X30-[{88.W10X  18.5)-f  (18,000  X  3)] -h  106.607  X  15 
^  ll,498,:iWfl,-lb. 
The  last  value  found  is  the  greatest,  so  the  moment  at  Cis  greatest 
when  IT,,  is  at  d.     The  raaKimura  stress  in  d^  is,  then, 


11.49R.3:W       ,^.  .,,„„      ^ 
9^v  '^(1^  ^  iyi,*HO  Ib.^  tension. 


Ads. 


I.  (c)  •  The  stress  in  CD  is  a  majtlniutti  when  the  average  intenstty  of 
load  in  the  double  panel  re  is  eqtsal  to  the  average  mtengity  of  load  on 
the '"  •^- '^  ' 
bet 


^the  span-     In  this  case. 

When  U-',  is  at  «-,  i'  H'  =  tJ2S.Oob  lb.; 
between  58,000  lb-  and  98.000  lb. 

When  ti\  is  at  *-,  1'  ff^  =  H4H.{X)0  lb.; 


2p 


X2*«^=  104,700  1b.;  J^ois 


'^^  xl"w  =  108.0001b.:  ti\^i& 


2 

I 

I 

i 


twcen  08.000  lb.  and  138,000  lb. 

Then,  the  stress  is  a  roaxitnum  when  ^'u  is  at  ^;  in  this  position, 
^,  =  W7,;ttM)  lb. 

The  loads  at  r  and  d,  due  to  Ihe  loads  in  the  panels  rrfand  dr^  are 
3,taM)  lb.  and  54,400  lb.,  respectively.  Then,  the  vertical  component  of 
the  stress  eu  CD  is 

64.400 

— ?—  =  118,250  lb, 


267.300  -  B.eOO  - 


and  the  stress  in  C/>  is 


118.250  X 


W  +  iV 

15 


=  Ht7,200lb..  tension.    Ads. 


id)  The  Stress  in  Cc  is  a  maximum  when  the  averagft  intensity  of 
load  in  the  length  a^r  is  equal  to  the  averaj^e  intensity  of  load  in  the 
lcng~th  ire.  There  will  probably  be  more  loads  in  the  lengfth  a^  when 
(he  second  set  of  heavy  loads  is  in  that  position,  so  it  \^  unnecessary  to 
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try   W^„    Wi,  etc.   at  c.      The  results  of  the  calculations  for  several 
positions  are  as  follows: 


Position  of 
Load 

2  fV 

Pounds 

f  X  s  *r 

Pounds 

Pounds 

r,.at<: 
fV..  at  c 
^„  at  c 
IV,,  at  c 

366,000 
266,000 
'366,000 
266,000 

133,000 
133,000 
133,000 
133,000 

Between    84,000  and  124,000 
Between  102,000  and  142,000 
Between  120,000  and  160,000 
Between  138,000  and  178,000 

The  condition  for  maximum  stress  in  Cc  is  satisfied  when  Wx%  is 
at  c  and  when  W^,,  is  at  c. 

When  W,t  is  at  c,  the  stress  in  Cc  is  82,a50  lb. 

When  IVxi  is  at  r,  the  stress  in  Cc  is  82,750  lb.,  tension.     Ans. 

{e)  The  maximum  stress  in  e  F  \s  the  same  as  that  in  e'  F'  when 
the  right  end  of  the  truss  is  loaded;  this  occurs  when  the  average 
intensity  of  load  in  the  double  panel  ^^  is  equal  to  the  average  inten- 
sity of  load  on  the  span. 

When  W^  is  at  ^,  2*  fT  =  324,000  lb.;  -^  X  ^W=  54,0001b.;  (f'.^is 

between  18.000  lb.  and  58,000  lb. 

When  U\  is  at  e',  ^W  =  364,000  lb.;  ^f  X  2'  jr  =  t)0,700  lb.;  IV,,  is 

between  oH.OOO  lb.  and  08.(K)0  lb. 

Both  positions  fulfil  the  conditions  for  maximum  stress. 

When  H\  is  at  c',  A*t  for  one  truss  is  34,500  lb.,  and  the  load  at  /'  is 
4,800  lb.     The  vertical  component  of  the  stress  in  e'  F'  is 

84.500  -  4,800  +  -^'***  ^  32.1tK)  lb. 

When  W-'s  is  at  <•',  A\  for  (»ne  truss  is  :i!l.4r»()  ]b..  and  the  load  at  f  is 
14,450  lb.     The  verliciil  component  of  the  stress  iu  e''  F'  is 

14.450 


39,450  -  14.450  + 
Then,  the  stress  in  t^  F'  is 

\r  V       3 
15    +  15 


3lM'0()  lb. 


32,200  X 


=  45,500  Ih.,  tension.     Ans. 


multiplp:-sysitem   trusses 

36.  Influence  l^inos.-F'ig.  22,  {b)  and  (/),  shows  the 
influence  lines  for  the  stresses  in  the  chord  member  FH, 
and  the  web  member  ///s,  respectively,  of  the  Whipple 
tniss  .7/?  shown  in  Figf.  22  (a);  they  are  typical  influence 
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les   tor   the   stresses   in   the   menibers   of  multiple-system 

I  In  drawing  the  influence  line  for  the  stress  in  a  inember  of 
a  cndkiple-system  truss,  the  truss  is  separated  into  simple 
systems,  as  explained  in  S^ressi's  in  Bridge  Trusse^^  Part  2, 

F        S 


Fjo.  22 

and  a  load  of  unity  is  placed  successively  at  the  different 
panel  points.  The  stress  in  the  member  under  consideration 
is  calctilaled  for  each  position  of  the  load,  and  is  plotted  to 
st^ale  vertically  under  the  panel  point  as  an  ordinate  (such 
O'  C,  £>"  D\  E"  A';  etc, ) .  to  a  horixoutal  Hoe  A'  B\    The 
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line  A^abcO  ly  E\  etc.  connecting  tbe  points  so  located  is 
the  influence  Hue  for  the  stress  in  the  member.  As  thes 
lines  are  very  irregular,  the  principles  that  govern  the  con 
ditions  for  the  maximum  stress  in  a  member  are  very  com- 
plicated and  not  adapted  to  practical  use.  If  desired » 
however,  the  stress  in  a  member  can  be  found,  by  the 
method  of  influence  lines,  by  plotting  to  scale  the  influence 
line  for  the  member,  laying;  off  the  series  of  loads  succes- 
sively in  several  positions,  one  of  which  will  probably 
cause  the  maximum  stress>  and  scaling  the  ordinate  to 
the  influence  line  under  each  load  for  each  position  of  the 
loads.  Then  the  algebraic  sum  of  the  products  of  all  the 
loads  on  the  span^  and  their  respective  ordinates  for  any 
position,  will  equal  the  stress  in  the  member. 

In  order  to  find  the  maximum  stress  in  a  member,  it  will 
be  well  to  determine  first  the  positions  the  loads  occupy 
when  the  moment  or  shear  is  a  maximum  at  the  section  of  a 
simple  beam  (having  the  same  span  as  the  truss)  correspond- 
ing to  the  point  of  the  influence  line  where  the  ordinate  is 
greatest.  For  example,  for  the  maximum  stress  in  HE,  the 
loads  may  first  be  placed  in  the  position  they  occupy  when 
the  shear  is  a  maximum  at  the  section  ^  of  a  beam  of  the 
length  A  B.  With  the  loads  in  this  position,  the  stress  may 
be  calculated  as  just  described;  then^  with  the  loads  moved 
successively  in  each  direction  until  other  loads  come  at  the 
desired  point,  the  stress  may  be  calculated  for  several  posi- 
tions until  it  is  seen  that  the  stress  decreases^by  moving  the 
loads  any  farther  in  either  direction.  The  maximum  stress 
will  usually  be  found  after  two  or  three  trials.  This  method 
is  simple  in  application  and  gives  results  that  are  sufficiently 
accurate  if  the  influence  line  is  constructed  and  the  ordinates 
scaled  very  carefully. 

37.  Panel  Concentrations* — The  method  of  concen- 
tration  by  panels  consists  in  dettTmining,  in  the  same  way  as  in 
the  preceding  article,  the  probable  position  the  loads  occupy 
when  the  stress  in  a  member  is  a  maximum,  and,  when  the 
loads  are  in  that  position,  calculating  the  amount  that  goes 
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jij; 

t 


o  each  panel  point  of  the  truss.     With  these  panel  load*;,  the 

tresses  may  be  found  in  the  same  way  as  in  S/rcsses  in  Bridj^e 

Trusses,    Part    2.      By    repeating    this    process    for    two    or 

three  positions^  the  maximum  stre-ss  will  be  founds     In  fihd- 

ing  stresses  in  web  members,  it  is  only  necessary  to  compute 

e  panel  loads  for  the  system  to  which  the  tnember  belongs, 

Ex&MPLS< — Let  the  doiible  Warren  truss  represeated  lu  Fijj.  23  sup- 
rt  ooe-h^lf  of  the  ?^y^tem  c»f  moving  concentrated  load?  represented 

iq  Fig,  2L     When   ff',,  h  at  the  center  of  thespEin,  what  are  the  panel 

conceatrntioQS? 


A 

B 

C 

It            i:           it 

c 

B 

A 

T 

xxxxxxxx 

1 

a 

b 

c 

d               e              a' 

.' 

h' 

a 

. 

Vic,.  -B 


SOLUTIOIi. — 
'AN  EL 


*.    .     .     . 


Panel  Load, 

tN  Pounds 

40,OOOX2+1H.QOOX10 

•    •    '    ' 2  X  1« 

40.000  X  (5  +  10+  15  +  16)  +  18.000  X  S 
■   "  2  X  18 

22.000  X  (3  +  8  +  13)  +  4<;>,000  X  (3  +  8  +  13) 
"2X18 
18,000  X  8  +  22>000  X  {36  +  15  +  10  +  5) 
—    '   '    -  2  X  18 

22,000  X  2  +  ia.OOO  X  10 +  40.000  X  [16  +  13  +  8  +  3) 
2  X  18 
40.00Q  X  (6  +  10  +  15)  +  22,000  X  (1  +  6  +  11 ) 
2X18 
22,000  X  (7  +  lg  +  17  +  14)  +  36.000  X  4.5 

2  X  IH 

22^000  X  4  +  3«.0(X1  X  13.5  +  72,000  X  9 


2X18 


ra.OQQX  9 
2X18 


7,200 

65,100 

41,301) 

.Ti.HK) 

52,1W0 

44,:^O0 

3.^.100 

18.000 
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KXAM1>LK    FOR    1»IIACTICE 

If  [he  double  Warren  truss  repreBented  in  Fig,  23  supports  one-1!a! 
of  the  system  «f  moving  concentrated  loads  shown  in  Fig.  21,  what 
are  the  paael  ]oad&  when   ^f^,  is  at  ^ ^ 


Ans. 


FANEt 

Panel  Loatj, 

Panel 

pANBt,  Load, 

Point 

IN  PorNDS 

Point 

IN  PorNDS 

a 

iT.fMW 

^ 

37,4tX) 

if 

59,300 

d 

34,100 

c 

37,900 

b^ 

36,100 

d 

30,400 

a* 

18,0UU 

€ 

eo,3oo 

A 

INCLINED-CHOHD  TRUSSES 

38.  By  means  of  the  principles  already  discussed, 
stresses  ia  inclined-chord  trusi^es  can  be  found  in  all  the 
members  that  depend  simply  on  the  moment  or  shear.  For 
example,  ihe  stresses  in  the  chord  members  can  be  found 
directly  from  the  moments;  the  stress  in  the  end  post,  from 
the  shear  in  the  end  panel:  and  the  stress  in  the  hip  vertical, 
from  the  maximum  panel  load.  The  stresses  in  the  interme- 
diate verticals  and  dtagonals  require  separate  consideration. 


THE    CtTKTED-CHORD    TRUSS 
39*     Maximnin    Stress    In    a    Diagonal.  —  Let   it    be 

required  to  determine  the  position  of  a  system  of  moving 
concentrated  loads  when  the  stress  in  the  diagonal  ED  of 
the  truss  represented  in  Fig.  24  {a)  is  a  maximum.  The 
influence  line  for  the  stress  in  ED  is  composed  of  the  three 
straight  lines  B^  ly^  D*  C,  and  O  A\  and  is  drawn  by  com* 
puting  the  stress  in  ED  due  to  a  load  of  unity  that  moves 
over  the  span;  the  ordinate  />''  D^  represents  the  stress  \xi  E D 
when  the  load  is  atZ>;  etc.  Using  the  same  method  of  proof 
as  in  previous  cases,  it  can  be  shown  that  the  stress  in  ED 


is  a  maxinmm  when  -  "  + 


W.,  Wu  and  H;. 


Wr  .   11%      CE  ^    IV, 
ED       ED 

representing,  as  usual,  (he  sum  of  a]\  the  loads  to  the  right 
of  />,  to  the  left  of  C  and  in  the  panel  CD^  respectively^ 
there  being  a  load  at  D.     Under  ordinary  conditions,  ttiere 


I 

I 
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will  be  few  loads  in  the  panel  CD  and  no  loads  to  the  left  of  C 
Making  Wt  equal  to  zero,  the  preceding  equation  reduces  to 

Wr   ^      W^, 


or 


whence 


W,^ 


a'-^FD^  FB'     ' 


PiO.  21 

which  is  a  convenient  formula  to  use  when  the  point  F  has 
been  located. 

To  locate  the  point  7%  consider  that,  when  a  load  is  at  F^ 
the  stress  in  ED  due  to  that  load  is  zero;  then  the  stress  in 
CZ?  is  equal  to  the  horizontal  component  of  the  stress  in  E  G. 

F  R        n 

The  stress  in  CD  is  1  X  -     X  7;  the  horizontal  component 

/         h 

A  F       a' 
of  the  stress  in  £"  6^  is  1  X  — ■—  X  — ;  then, 

/         h 
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whence 


that  is, 


FB^a  _ 

I    ^h~ 

AF 

FB  " 

l^FB 

FB 

FB  =  IX 


AF 

I     ^ 

ah', 

''  a*k 

._  ah* 

'  afh' 

a'h 


A'' 


and  _  _       ,  .,     „ 

Also,  FD  =  FB^  a' 

For  all  ordinary  purposes,  it  is  sufficiently  accurate  to 
locate  the  point  F  £:raphically,  laying  out  the  truss  carefully 
to  scale  and  drawing  the  lines  A  E  and  B  G  through  the  joints 
A  and  E^  B  and  G,  respectively.  Then  F  lies  vertically  under 
their  intersection  H.    From  similar  triangles,  in  Fig.  24  (a), 

h' 


whence,  as  before, 


Example. — Let  the  eight-panel  truss  represented  ]n  Fig.  25  support 
one-half  of  the  system  of  moving  concentrated  loads  represented  in 


FH 
AF 

=  K  and 
a 

FH 
FB 

AF 

ah' . 

FB 

a'h 

FlG.  26 

Fig.  21,  and  let  it  be  required  to  find  the  maximum  stress  in  the 
diagonal  Cd. 

Solution.— In  this  truss,  Fa'  (the  point  F  is  not  shown)  corre- 
sponds to  FB  in  Fig.  24.  Also,  /  =  160.  A  =  22,  A'  =  24.  a  =  40, 
a*  =  100.     Therefore, 


Fa'  =  ItiO  X 


100X22 


40X24  +  100X22 


111.39  ft. 


and  Fd  =  11.39  ft.     Then. 


Fd 
Fa' 


n.39 


111.39 
Fd 


=  .1023  or  .1,  nearly. 


When  W^  is  at  */,  i'  Jf"  =  532,0001b.;  -^f^,  X^W  =  53.200  lb.;  W,  is 
between  18,000  lb.  and  58,000  lb.     Therefore,  the  stress  is  a  maximum 
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when  ^,  is  at  d.  Jit  for  one  truss  is  95,225  !b.;  the  panel  load  at  c  is 
3,600  lb.  The  shear  in  the  panel  cd  is  95,225-3,600  =  91,625  lb. 
The  vertical  component  in  CD  is 

95:125X60^^3,600  X.20  ^  |  ^  23.500  lb. 

Then,  the  stress  in  Cr/  is  

(91,625  -  23,500)  X  esc  Cdc  =  68,125  X  -      ^        =  92,0001b.,  tension. 

Ans. 


Fig.  26 

40.     Maximum    Stress    In    a    Vertical. — Let    it    be 

required  to  determine  the  position  of  a  system  of  moving 
concentrated  loads  when  the  stress  in  the  vertical  EC  oi  the 
truss  represented  in  Fig.  26  is  a  maximum.  The  influence 
line  for  the  stress  in  EC^  Fig.  26,  is  similar  to  that  for  the 


66  STRESSES  IN  BRIDGE  TRUSSES  §70 

diagonal  ED,  and  it  may  be  shown  that  the  same  conditions 
determine  the  position  for  the  maximum  stress  in  the  ver- 
tical as  in  the  diagonal,  the  only  difference  being  in  the 
location  of  the  point  F,     Then,  as  in  the  case  of  the  diagonal. 


a'         a        FD       FD 


and,  when  Wi  =  0, 


FB 


To  locate  the  point  F,  consider  that,  when  a  load  is  at  /", 
the  stress  in  ^'C  due  to  that  load  is  equal  to  zero,  and  the 
vertical  component  of  the  stress  in  K E  is  equal  to  the  shear 
on  a  plane  of  section  that  cuts  K E^  EC^  and  C D\  that  is, 
to  the  shear  in  the  panel  CD, 

PR  F'  D 

The  shear  is  equal  to  1  X 1  X ,  and  the  vertical 

i  P 

component  in  KE  is  equal  to 

I        h  p 

™  FB      FD       FB^a^h-  h' 

Then,  "  ">.     =     r  ^  i  ^     ~r   '* 

I  p  I        h  p 

whence,   substituting   for  F D  its   equivalent   FB  —  a',  and 

solving  for  F B, 

PB  ^  ly. -^'-^' 

h{a  ^- a') -k- a{h  - //') 

Now,  if  K E  is  produced  to  meet  the  vertical  GD  pro- 
duced at  G\  G'  D-  CE  =  CE  -  K  I,  or  //"  -  h  =  h-h'. 
Substituting  h"  —  h  for  //  —  h'  in  the  foregoing  expression, 
and  reducing,  the  following  equation  is  obtained: 

FB  =  IK        "'^' 

ah"  -^a' h 

which  is  also  the  value  of  FB  for  the  diagonal  ED  m  ^ 
truss  having  the  height  //"  at  D.  Hence,  /-'may  be  found  by 
drawing  the  lines  ./ /:  and  B  G'  to  their  intersection  H'  and 
drawing  the  vertical  //'/•',  as  in  the  case  of  the  diagonal. 

KxAMFi.E. — What  is  the  maximum  stress  in  the  vertical  Cc  of  the 
truss  reprcseuted  iu  Fig.  'lb,  due  to  the  system  of  loads  represented  in 
Fig.  21? 
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SoLtTTiON.— In  this   case 
i"  =  26  ft. 

100  X22 


A  =  2!>  ft.   and  h'  ^  18   ft.:   theretort. 


Fa'  =  160  X 


40  X  26  +  100  X  22 
Fd         8.64 


Faf       108.64 
When  W»  \^^td.  ^W  ^  532,000  lb 


=  10S,&4  ft.,  Fd  =  8,64  ft. 

=  .08,  nearly. 
FD 


XIH"  =  42,560  lb.;  and 


FB 

tf'f    IS    between     IR^OOO    lb.    and    58,000    lb.      Then,    the    stress    is    a 
aximum    when   W^,  is   at   d.     A*j  =  9-'i»225    lb,,   and   the  load  at    r 
—  3,a00  lb.     SC  and  cd  intersect  70  tC  to  the  left  of  a.     Then,  the 
stress  in  Cr  is 

95,225  X  70  -  3,lK)0X  HO 


100 


=  57,000  lb.,  compression.    Ans. 


H  41.*  MlnlmuTii  Stress  In  a  Vertical. — The  minimum 
stresses  in  all  the  verticals  not  adjacent  to  panels  con- 
taining counters  can  be  found  from  the  principles  already- 
explained.  The  minimum  stress  in  any  other  vertical  is 
^fctension;  it  occurs  when  the  two  diagonals  that  meet  the 
^■vertical  at  one  end  are  in  action,  and  is  equal  to  the  algebraic 
sum  of  the  vertical  components  of  the  stresses  in  the  chord 
members  that  meet  the  vertical  at  the  other  end.  The  mini- 
mum stress  (so  called)  in  the  center  vertical  obtains  when 
the  moment  at  the  center  of  the  span  is  a  maximum.  The 
minimum  stress  in  the  other  verticals  can  best  be  found  by 

K trial.  For  example^  for  the  minimum  stress  in  ^T  {LAf), 
Fig<  26  («),  the  loads  should  extend  over  as  great  a  portion 
of  the  right  end  of  the  truss  as  possible  without  throwing  the 
counter  6'.T/out  of  action.  Thts  position  can  be  ascertained 
by  trying  several  loads  successively  at  M  until  it  is  found  that 
any  further  movement  of  ihe  loads  causes  G M  to  go  out  of 
action.  The  last  position  of  the  loads  before  G J^f  goes  out 
of  action  is  the  position  for  which  the  stress  is  a  minimum. 


THE    PETIT    TRUSS 

42,  As  in  the  case  of  the  Baltimore  truss,  the  stresses 
fin  the  members  of  the  upper  chord  and  in  the  end  panels 
'of  the  lower  chord  of  a  Petit  truss  can  be  found  from  the 

nding  moments  at  the  opposite  joints:  the  loading  causing 
rthe  maximum    stresses   in   the   remaining   members  of   the 
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lower    chord    can    be    found    by    means    of    the    formula' 

explained  in  Art.  31;   the  stresses  in  the  subverticals  an( 
short  diag:onals  can  be  found  from  the  panel  load;  and  ihi 
stress   in   the  hip  vertical,  from  the  panel  load  for  a  truss 
having  panels   twice   the  length  of   the   Petit  truss.     There 
remain  to  be  considered  the  methods  of  finding  the  maxiitiui 
stresses  in  the  main  diagonals,  verticals,  and  counters. 

43,     L-o^^er  Half  of  Muln  Dlag'onal. — The  stress  in  the 
lower  half  of  the  end  post  can  be   found  from  the  shear  in 
the  end  panel.     The  maximum  stress  in  the  lower  half  o£fl 
any  other  main  diagonal,  such  as  f7Z?,  Fig,  27,  caa  be  found 


I 


Fig- 27 


in  precisely  the  same  way  as  in  a  diagonal  of  a  simple 
cnrved-chord  truss.  For  example,  for  the  member  (7  D, 
(r  //msiy  be  produced  to  meet  E F at  /,  the  lines  A  /  and  B  F 
produced  to  their  intersection  at  J,  and  the  vertical  JIC 
ilrawn,  intersecting  the  lower  chord  at  A',  Then,  whea 
there  are  no  loads  to  the  left  of  //  (as  is  usually  the  case 
when  the  stress  in   G  D  is  a  maximum) »   the  stress  in  G  U 

KD 


is  a  maximum  when  W,  =  -'^'^  X  ^  W^K B  being  equal  to 


BDXM/ 


AHxDF-\-BDxMf 
44.  upper  Half  of  Main  Diagonal. —The  influence 
line  for  the  upper  half  of  a  main  diagonal,  such  as  EC»  is 
the  same  as  that  for  the  diagonal  ED  of  a  simple  curved- 
chord  truss  of  the  "^ame  dimensions  as  that  represented  m 
Fig,  27,  but  having  twice  the  panel  length.  Then,  for  ZfC, 
the  lines  -•!  £"  and  BFtnay  be  drawn  to  their  intersection 


I 
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and  the  vertical  J'  K'   drawn   to   its    intersection  with  the 
lower    chord.     The    stress    in    EG    is    a    maximum    when 


The  influence  line  for  the  upper  half 


o£  the  end  post  PL  is  the  same  as  that  for  the  shear  in  the 
end  panel  of  the  simple  curved-chord  truss  shown  in  Figf.  24; 
therefore,  the  stress  in  PL  is  a  maximum  when  there  is  a  load 
at  Af  and  the  shear  in  the  double  panel  j-1  M  (considering 
jVPand  PAfXo  be  omitted)  is  a  maximum. 

45,  lutet^nietllatc!  Verticals, — The  stress  in  an  inter- 
mediate vertical,  such  as  EC^  Fig-.  28,  is  a  maximum  under 
the  same  conditions  as  ihe  stress  in  the  member  EC  oi  the 
simple  curved-chord  truss  of  the  same  dimensions  shown  in 


j:,'^ 
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Fio.  28 

Fiff.  26.  If  LB\%  produced  to  meet  F D  in  F\  the  lines  A  E 
and  B  F^  drawn  to  their  intersection  ^,  and  the  ver- 
tical as  drawn,   the   stress    in    EC  \h    a   maximum   when 

S  D 
lV,f  =       „  X  ^*  W^.  and  similarly  for  other  intermediate  ver- 
•J  i* 

ticals.     The  stress  in  the  center  vertical  is  a  minimum  when 

the  moment  at  the  center  of  the  truss  is  a  maximum;  that  in 

the  other  intermediate  verticals  may  be  found  most  readily  by 

trial  in  ihe  same  way  as  for  the  simple  curved-chord  truss. 

46*  Counters, — When  GF,  Fig:.  29t  is  in  action  as  a 
counter,  GD  is  out  of  action.  Considering  G^ F'  instead, 
the  line  G*  //*  may  he  produced  vertically  to  its  intersection 
with  E'  F*  at  /',  the  lines  B  P  and  A  F'  drawn  to  their  inter- 
section y.  and  the  vertical  J'*  K**  to  its  intersection  with  the 
lower  chord.     Then,  the  stress  in  G* F'  is  a  maximum  when 

there  is  a  load  at  //',  and  W,  ^  ^,1^'  X  ^*  W.     When  CG 

K"  B 
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is  in  action  as  a  counter,  EG  is  in  action  as  a  subtle,  and  the 
counter  CG/^  is  not  straight.  In  finding  the  position  the 
loads  occupy  when  the  stress  in  C  G  [^  ^  inaximuni,  il  may 
be  assumed  that  CF'is  straight,  and  the  position  of  the  loads 
found  on  this  assumption.  Then,  locating  the  point  A^"'  ii 
the  usual  way,  the  stress  in  C  C  (considering  the  right  etid^ 
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instead  of  the  left)  is  a  maximum  when  there  is  a  load  at  Cj 

r  IV, 


and  W,^  =  j^^rg  ^ 


The  ratio    ~      _  is  not  strict!: 


correct,  but  will  invariably  determine  the  correct  loading. 
In  calculating  the  stress  from  this  loading,  the  exact  forrmila 
given  in  Stresses  in  Briif^e  Tntsses,  Part  3,  must  be  used. 


STANDARD  SYSTEMS  AND  METHODS  OF 
COMPUTATION 


STANDARD    SYSTEMS    OF    CONCENTRATED    L,OAD9 

47.  Ijoads  Usetl  lu  Computntlous. — The  principles 
used  in  calculating  stresses  due  to  moving  concentrated  loads 
find  their  most  frequent  applications  in  connection  with  rail- 
way bridges.  Specifications  for  such  bridges  require  them 
to  be  designed  to  support  certain  loads,  the  loading  most 
used  consisting  of  two  locomotives  coupled  together  and 
followed  by  a  train  of  cars*  The  actual  weight  used  by 
different  railroads  differ;  they  are  usually  based  on  the 
heaviest  rolling  stock  in  use,  an  allowanc^e  bein^j  made  to 
provide  for  a  probable  increase  in  weight  in  the  future.  As 
the  loads  on  the  wheels  of  a  heavily  loaded  train  are  very 
nearly  equal,  it  is  customary  to  consider  the  train  as  a  unifoi 
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load  per  linear  foot*  In  Fig.  30  are  shown 
the  loadings  prescribed  by  several  of  the 
leading  American  railroad  companies* 


'<:^ 


oooom 


ooooi 


ooairtC 


48*  8 1 u udii rd  Londtnj^s- — Several 
attempts  have  been  made  lo  secure  the 
adoption  of  certain  standard  systems  for 
use  in  computation.  The  best  known 
among  these,  and  probably  the  most 
.widely  used,  were  devised  by  Theodore 
Cooper.  Each  of  his  systems  cotisists  of 
two  typical  locomotives  and  a  train  of 
cars*  the  spacing  of  the  wheels  beins;  very 
nearly  equal  to  the  actual  spacing  of  the 
wheels  of  the  heaviest  locomotives  in  use. 
One  of  his  systems  is  represented  In 
Fig.  31,  the  loads  shown  at  the  different 
wheels  being  the  loads  on  the  axles,  one- 
half  of  which  goes  to  each  wheel;  this 
systeni  is  known  as  E.50  on  account  of  the 
fact  that  the  weight  on  each  driver  axle 
(2*  $,  4,  etc.)  is  equal  to  50,000  pounds. 
Other  systems  are  known  as  E40,  E80,  etc., 
the  weight  on  each  driver  axle  being  equal, 
respectively,  to  40»00<">»  WSW  pounds,  etc. 
The  spacing  of  the  wheels  of  the  different 
systems  is  the  same,  and  the  loads  of  one 
system  may  be  derived  from  those  of 
another  by  the  use  of  a  simple  muUipiier. 
For  example,  if  each  axle  load  and  the 
uniform  load  per  linear  foot  of  E50  is  mul- 

tipHed  by   ,8   /=  —  K   the   result   is   the 

system  known  as  E40. 

The  convenience  of  this  method  is 
apparent,  as  the  momeins.  shears,  and 
Stresses  due  lo  one  system  may  be  fonnd 
from  those  due  to  any  other,  by  the  U! 
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the  multiplier  by  means  of  which  the  first  system  is  derived 
from  the  second.  The  system  that  is  used  depends  on  the 
amount  and  class  of  traffic.  For  a  great  many  railroads,  E40 
is  heavier  than  the  heaviest  traffic;  while  for  some  others  it 
has  been  deemed  advisable  to  use  EGO  in  the  design  of  some 
of  their  bridges. 

49.  Moment  Diagram. — When  a  large  number  of  cal- 
culations are  to  be  made  from  the  same  system,  the  work 
may  be  shortened  by  tabulating  certain  quantities  that  con- 
tinually arise.  For  example,  Fig.  32  represents  what  is 
called  a  moment  diagram,  computed  in  this  case  for  E50. 
Opposite  A  are  given  the  numbers  of  the  wheels,  the  latter 
being  numbered  consecutively  from  the  left  end;  B  is  the 
spacing  of  the  wheels;  C,  the  weight  that  comes  on  each 
axle;  D,  the  distance  of  any  wheel  from  the  first;  /T,  the  sum 
of  all  the  loads  from  the  first  up  to  and  including  the  one 
over  which  the  sum  is  placed;  and  F,  the  sum  of  the  moments 
of  all  the  preceding  loads  about  any  wheel.  The  moment 
about  any  wheel  may  be  found  from  the  moment  about  the 
preceding  wheel  by  adding  to  the  latter  the  product  of  the 
sum  of  all  the  loads  up  to  and  including  that  about  which 
the  moment  is  known  and  the  distance  between  the  two 
wheels.     For  example,   the  moment   of   1   to  H  about  9  is 


Fk;.  33 

equal  to  8,740,000  foot-pounds.  To  find  the  moment  about  10, 
consider  that  the  lever  arm  of  each  load  from  /  to  t)  is 
increased  by  S  feet,  and  that  the  moment  is  increased  by  the 
product  of  8  teet  and  the  sum  of  all  the  loads  from  /  to  .''. 
inclusive.     Then,  the  moment  about  10  is  equal  to 

S.740.000  + 3'.r,.(H)0  X  S  -    11,.',S0,000  f(.ot-i>(.iinds 
The  use  of  the  diagram  will  be  illustrated  i.)y  an  example. 
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Example. — Tbe  truss  represented  in  Fig.  ,'W  supports  one-half  o(  a 
bridge  that  supports  an  E^O  loading.  What  la  the  maJtiratini  stress: 
(a)  in  the  diagonal  Sr}  (A)  in  the  chord  member  CO? 


■      Solution, — [a]  The  stress  in  ^r  is  a  maKLmurn  when  the  shear  tn 
tbe  panel  At:  is  a  maximum;  that   is,  when  W-'^  =jX  -  W'',     Id  this 

—case,  ^  =  a 

V      When  IV,  is  at  c.  a'  is  132  ft.  to  the  right  of  c  and  145  ft,  to  the  tight 
of    K'.;   that  is,  145-  lOfl  =  30  ft.  to  the  right  «f   ihe  head  of  tbe 
^uniform  load.     Then, 
K  W  =  nO.(M)0  +  5,000  X  36  =  800.000  lb. 

r 


|x  -  «'  =  111.2.50  lb. 


575.000 


=  13,070  lb. 


*rhe  load  at  b  is  equal  to 

moment  of  1  and  2  about  c 

__     _        „^  ^  ^.  __  2x2*- 

The  left  reaction  \%  equal  to  the  moment  of  loadfi  t  to  18  and  36  ft. 
of  the  uniftirm  load  about  a\  divided  by  the  length  of  span.     Then, 
A*!  is  equal  to 
4O;»lO.000  -f  710.000  X  36  +  2,500  X  36  X  !» 


I 


2X  17G 

The  stress  in  £  r  is 


(198. WO-  1^,070)  X-^, 


V22*  +  2S* 


lis 


=  198,040  lb.  for  one  truss 


2a=f  .300  lb.,  tension .    Ans. 


{t)     The  stress  in  CD  is  a  maximum   when  Ihe  moment  at  <^  is  a 
maximum. 

When   rr.  is  at  d,  X  W  ^  710,000  +  5,000x49  =  955.000   lb.,  and 

I  X  -  tf^  =  368J2.T  lb.     As  W,  is  Ics^  thaa  355,000  lb.,  this  position 

do^  not  give  a  maximum. 

When  ^1*  is  at  d,  X  IV  -  710,000  +  5,000  X  ."^7  =^  995,000  lb.,  and 

^,X,IW  =  373,125   lb.     As   Wi  i^  between  356,000   and  380,000  lb., 


I 


this  position  gives  a  maiiraum. 

WUen  U\,  is  at  d,  X  IV  -  710.000  +  ?i,000  X  65 


1.03.5,000  lb.,  and 


J  Xi'Jf'  =  3Se.l25  lb.     As   W,  is  between  380.000  and  4:10,000  lb., 

this  position  gives  a  maximum. 

When  U\^'\%aid,  1  tV ^  710,000- 2.>,noo  + 5,000 X  70  =  1,035.000  lb., 

and  ~  X  2'  ff^  =^  388.125  lb.     As    W,    is  greater  than  405,000  lb.,   this 

position  does  not  give  a  maximum. 

It  is  bow  necessary  Co  compute  the  moments  when  jf%  and  fV^tt 
retipectively,  are  at  d. 


66 


STRESSES  IN  BRIDGE  TRUSSES 


§70 


When  lf\*  is  at  d, 

40,910.000  -f 


The  mometit  at  d  is 

254,240  X  66- 
When  Wti  is  ui  d^ 


10.000  X  5"  +  2.r>00  X  57  X  57 


2  X  17fi 

11,580,000 


=  254,240  lb. 


=  10,990.000  ft.-lb, 


40,910,000  +  710,000  X  b5  +  2.600  X  65  X  66 


2xi7e 


=  277,340  lb. 


The  motuent  at  d  is 


277,340  X  6S  -  "'^'*^  =  lO^llfH.OOO  ft, -lb. 


Then  the  stress  in  CD  is 

10,994.000  ^  2H  =  392.600  lb. 


compression.     Aqs, 


APPROXIMATE    METHODS    BY    THE     U8E    OF 
EQUlVALrENT    LiOABB 

50.     Introduction. — It    is    very  laborious   to    calculate 

the  stresses  in  some  types  of  trusses — such  as  multiple- 
system  and  subdivided-paiiel  trusses— if  the  actual  couceii' 
trated  loads  are  used.  On  this  account,  it  is  sometimes 
desirable  to  substitute  for  these  loads  some  simpler  system 
of  loading  that  will  cause,  as  nearly  as  possible^  the  same 
stresses.  Such  loadings  are  called  equlvulent  londs.  The 
two  principal  kinds  of  equivalent  loads  will  now  be  considered. 
The  difference  between  the  results  obtained  from  equiva- 
lent loads  and  those  from  the  actual  wheel  loads  are  relatively 
greater  for  short  spans  than  for  long  spans.  For  spans  up 
to  75  or  100  feeti  the  actual  wheel  loads  should  be  used; 
and  for  a/i  spans,  the  stresses  in  such  members  as  /itp  wr- 
ficah,  short  verticah^  and  diagonaht  and  in  floor  mimbtts 
should  be  calculated  from  the  aciuai  wheel  loads, 

61i     Equivalent    Uniroi^in     Load.  —  The    method    of 

equivalent  uniform  loads  is  most  useful  in  cotnputing: 
moments  and  chord  stresses;  it  consists  in  substituting  for 
the  actual  wheel  loads  a  uniform  load  per  linear  foot  thai 
will  cause,  as  nearly  as  possible,  the  same  stresses.  The 
best  way  to  compute  this  equivalent  load  is  to  calculate  first 
the   maximum  moment  on  the  span  at  a  section    (usually 
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called  the  cjimi'tei-  point)  mid- 
way between  the  center  and 
the  end,  due  to  the  actual  wheel 
loads,  and  then  find  the  uniform 
load  over  the  entire  span  that 
will  cause  the  same  moment. 
If  w  represents  the  uniform 
load  per  linear  foot  over  the 
entire  span,  the  moment  at  ihe 
quarter  point  is  equal  to  ti^u  «'/*; 
if  ^/,  represents  tlie  moment  at 
the  quarter  point  due  to  the 
actual  wheel  loads,  then 


and 


32  ^M 


It  will  usually  be  found  that 

the  moment  at  the  center  due 
to  this  imiform  load  is  slightly 
greater  than  that  due  to  the 
actual  wheel  loads,  and  that 
the  moment  near  the  end  is 
slightly  less.  If  the  value  of  w 
were  found  from  the  maximum 
moment  at  the  center,  all  the 
moments  would  be  too  small* 

Example. — What  equivalent  uni- 
form toad  may  be  used  in  com- 
puting chord  stresses  for  q  span  of 
160  feet  \(^ith  an  £^  loading? 

Solution. — It  is  first  necessan*  to 
compute  the  raajtimuni  reoraeiit  at  a 
section  40  ft.  from  the  left  end  due 
to  E&D-  The  numerical  work  can  be 
most  convenieDtly  arranged  as  shown 
in  the  accompanyinj;  table. 

The  moment  at  the  quarter  point 
Cisatnaiimum  when  if,.  W^,  and 
ff'i,,  respectively,  are  at  the  section. 
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When  iV^  is  at  C, 

^        40,910,000  H-  710.000  X  34  +  2.500  X  34  X  34       ^r.a»vi^^ 
•"  I  —  ■        -     -        ~l60 ^     -       —  =  424,625  lb. 

The  moment  at  C  is 

424,625  X  40  -  2,075,000  =  14,910,000  ft.-lb. 

When  n\  is  at  C 

^        40,910,000  H-  710,000  X  43  +  2.500  X  43  X  43       ^„  ^,  ,^ 
yv,  =      - =  47o,iJ91  lb. 

The  moment  at  C  is  475,391  X  40  -  4,100,000  =  14,915,640  ft.-lb. 

When  /F,,  is  at  f,  the  wheels  7  to  5  are  off  the  span;  and,  in  using 

the  diagram  to  get  moments  about  point  Cand  the  right  end  of  the 

span,  it  is  necessary  to  deduct  the  moment  of  these  loads  as  follows: 

The  reaction  of  Ri  is 

(40.910,000  +  710.000  X  80+  2,500  X  80  X  80)  -  (2,075.000  +  225.000  X  166) 

160  " 

=  464,281  lb. 

The  moment  at  C  is 

(464.281  X  40)  -  j  16,770,000  -  [2,075.000  +  (225,000  X  46)]  j 

=  14,226,240  ft.-lb. 

The  moment  is  greatest  when  W^  is  at  C;  then, 

32       14  915  640 
zf  =  "o^  X  ,:-.  c'w  =  6,214.9,  or,  say,  6,215  lb.  per  lin.  ft.    Ans. 

52,     Uniform  Lioad  and  Concentrated  lioads. — The 

method  of  finding  an  equivalent  system  composed  of  a 
uniform  load  and  several  concentrated  loads  is  most 
useful  in  computing  shears  and  web  stresses;  it  consists 
in  substituting  for  the  actual  wheel  loads  a  combination 
of  a  uniform  load,  equal  to  the  specified  train  load,  and  a 
single  concentrated  load  for  each  locomotive,  equal  to  the 
difference  in  weight  between  the  locomoti-ve  and  the  weight 
of  a  portion  of  the  train  the  same  length  as  the  locomotive, 
acting  simultaneously  with  the  uniform  load.  For  example, 
in  rigs.  31  and  32,  wheels  1  to  .'V  constitute  one  locomotive, 
the  distance  between  the  end  wheels,  usually  called  the 
wheel  base,  being  48  feet;  the  second  locomotive  starts 
with  wheel  10  at  a  distance  of  50  feet  from  wheel  /,  the 
corresponding  wheel  of  the  first  locomotive;  the  latter  dis- 
tance is  spoken  of  as  the  lenp:th.  The  weight  of  one  loco- 
motive, found  by  adding  the  loads  on  all  the  wheels  from  1 
to  .9,  is  355,000  pounds;  the  weight  of  an  equal  length, 
56    feet,    of    train,    is    56  X  5.000   =   280,000    pounds;    the 
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JMOO  tb,  per  iln.  ft. 


Pir..  .14 


lifferetice,  75XHX)  pounds,  is  taken  as  a  concentrated  load 
(cting  simultaneously  with  the  uniform  load  of  ft, 000  pounds 
per  foot,  and  is  called  the  loromotlve  excess-  When  there 
ire  iwo  locomotives^  there  are  two  excesses;  m  this  case, 
they  are  56  feet  apart,  the  distance  between  corresponding 
joints  of  the  two  locomotives.  The  equivalent  load  for  one 
ocomolive    is    shown    in 

ffig.  34;    for    convenience 

an  calculation,  the  concen- 
trated load  maj^  be  located 
anywhere  with  respect  to 
the  uniform  load.  In  using 
this  method,  it  is  con- 
Ifenient    to     find    first    the 

maximum    shears   or   stresses  due  to   the    uniform   load,  as 

I 

thftugh  it  were  the  only  load  on  the  truss,  and  then  those 
Jue  to  the  concentrated  loads  alone,  placed  so  that  the 
(hear  or  stress  tinder  consideration  will  be  a  maximum;  the 
mm  of  the  resuUs  will  be  the  shear  or  stress  desired. 

Example.— Using  the  equivalent  lond  found  in  the  preceding  para- 
p-aph,  find  ihe  maxtrnuni  shear  in  the  panel  f>c  ttf  the  truss  in  FigJi3. 

Solution.— Considering  first  the  uniform  load  alone,  the  panel  load 

tor  one  truss  ts  -^ — ,.     —  =  55,000  lb.     The  shear  in  the  panel  Af  due 

0  a  uniform  load  is  a  niaxtnaum  when  the  joints  t:  to  6'  are  loaded; 
ind,  as  there  are  then  n<>  panel  loads  to  the  left  of  Ihe  panel  dc,  the 
ear  is  equal  to  the  left  reaction,  or  to 

]  +2-f  3  +  4  +  6  +  6 ) 


S5.000  X 


144.400  lb. 


he  shear  in  the  panel  ^t-  due  to  two  coticentfated  loads  JjO  ft.  apart 
is  gTeatest  when  one  of  the  loads  is  at  r  and  (he  other  5(i  ft.  to  the 

^hi  of  r]  antl,  as  there  are  then  no  loads   to  the  left  of  c,  the  shear 
in  the  panel  A^  is  equal  to  the  left  reaction,  or  to 
76,1X10  X  (7(1+  m)        ..  «rtfii*. 

The  shear  in  the  panel  d^,  due  to  a  combination  of  the  uniforiu  load 
With  the  locomotive  excesses  actinjj  simultaneously,  is 
144,400  +  44.300  =  isy.TUO  IL.    Acs. 
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EXAMPLES     FOK     PKAfTK.F. 

1,  What  is  the  maitmunj  moment  at  the  center  nf  a  spati  UiU  fett 
in  length  due  to  Cooper's  E50?  Ans.  19,Wrt.=>,0fX)  ft.-ib, 

2,  What  is  the  tnaxtroum  morDeiit  at  the  center  of  a  span  1GU  feet 
in  length,  due  to  theequivaletit  uniform  luad  of  ti/Jln  pounds  per  linetir 
foot  found  in  the  example  in  Art.  51?  Ans,   1&,88H,(XX>  St.*\b, 

3.  What  is  the  difference  between  the  moments  found  in  examples  1 
and  2?  Ans.  3,000  ft.<Ib.,  or  .U15  per  cent. 

4.  Find  the  locomotive  excess  for  the  system  of  concentrated  loads 
shown  in  Pig.  21.  Ans.  42,01)0  lb. 


GRAPHIC    METHOD   FOR   CONCENTRATED-LOAD 
MOMENTS    AND    SHEARS 

53,     Efjnillbrliini   Polyjjoii   for  Mtixhniini   Moment, 

In  order  to  determine  by  the  griiphic  method  the  maximum 
moment  at  a  given  section  of  a  span  due  to  a  system  of 
moving  concentrated  loads,  it  is  necessary  to  find  first  the 
correct  position  of  the  loads  by  the  principles  that  have 
already  been  explained.  When  this  has  been  found,  the 
value  of  the  moment  can  be  ascertained  by  constructing;  the 
equilibrium  polygon  and  multiplying  the  proper  intercept  by 
tbe  normal  ray.  as  explained  in  Graphic  Siaiics*  When  a 
large  number  of  calculations  are  to  be  made  for  the  same 
system  of  loads*  the  work  can  be  considerably  shortened  by 
constructing  an  equilibrium  polygon  for  the  complete  system 
of  loads;  in  the  case  of  two  engines  and  train^  the  polygon 
may  be  drawn  for  a  sufficient  length  of  the  uniform  load 
representing  the  train,  to  provide  for  the  longest  span  for 
which  calculations  are  to  be  made* 

Fig.  35  represents  an  et^uilibrium  polygon  for  Cooper's 
E50,  together  with  100  feet  of  uniform  train  load*  In  con- 
structing the  polygon  for  the  uniform  load,  the  latter  was 
considered  as  concentrated  at  points  5  feet  apart;  each  con- 
centration being  25.0tX>  pounds,  and  the  first  being  taken 
2.5  feet  from  the  head  of  tbe  uniform  load.  This  portion  of 
the  polygon  is  in  reality  a  curve  tangent  to  the  strings  of 
the  equilibrium  polygon  half  way  between  their  intersectioas 
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with  the  assumed  concentrations.  In  practice,  the  polygon 
is  made  as  large  as  possible;  if  great  care  is  taken  in  scaling 
all  distances,  the  results  will  be  sufficiently  close. 

I  54.  Method  of  Procedure. — If  it  is  known  what  posi- 
tion the  loads  occupy  when  the  moment  is  a  maximum  at  a 
given  section  C\  the  value  of  the  moment  can  be  found  by 
laying  off  the  span  to  the  same  scale  as  the  spacing  of  the 
loadSj  placing  section  Cat  the  proper  load  and  drawing  ver- 
ticals through  the  ends  of  the  span*  These  verticals  are  the 
lines  of  action  of  the  reactions;  then^  if  the  closing  line  is 
drawn  between  their  intersections  with  the  strings  of  the 
equilibrium  polygon,  and  a  vertical  line  is  drawn  through  C 
e  tnoment  at  C  is  equal  to  the  intercept  of  this  vertical 
multiplied  by  the  normal  ray, 

If  it  is  not  known  what  position  the  loads  occupy  when 
the  moment  is  a  maximum,  the  span  may  be  laid  ofiE  with 
the  section  6"  at  several  of  the  loads  successively^  and  the 
receding  process  repeated  until  the  maximum  intercept  is 
und. 


Example^ — Let  it  be  required  to  find  the  maximum  momeal  at  the 
quarter  point  of  a  span  140  feet  long  due  to  Cooper's  EoO. 

Solution. — As  it  ts  Icnown  that  the  span  will  be  qtiite  fully  loaded, 
it  may  be  assunietl  tliat  Ibere  will  be  several  loads  to  the  left  of 
the  quarter  point.  The  span  may  be  laid  offj  to  the  same  scale  us  the 
spacing  of  the  loads,  on  the  edge  of  a  straight  strip  of  paper,  aod  the 
quarter  point  marked;  this  strip  may  then  be  laid  horizontally  on 
the  diagram.  Fig,  3f>,  so  that  Cis  at  one  of  the  loads,  for  instance  H\; 
frticals  through  A  and  A'  cut  the  equilibrium  polygon  at  At  and  ^,, 
sspectively;  then  W,  S^  is  the  closing  line  for  this  position.  A  ver- 
tical through  C  (the  line  of  action  of  U\)  gives  the  intercept  CJ  C^", 
and  the  moinent  at  Cis  equal  to  CJ  C\"  X  A'.  Next.  C  may  be  placed 
at  ff»,  then  at  W,,  etc.,  until  the  roaxtmum  intercept  is  found.  In 
this  case,  the  intercept  increases  until  W^  is  at  C,  then  decreases  and 
increases  again  until  ^''n  is  at  C  The  intercept  is  a  maximum  when 
W%  is  at  C  and  is  equal*  by  scale,  to  2S.52  ft.  The  normal  ray  ts  equal 
to  oOU,00U  lb.,  by  construction.  Then,  the  maximum  moment  at  C  is 
I  23.32  X  500,000  =  IIJOO.OOO  ft. -lb.     Ans. 

"    55-     Maxlnixitti    Shear    at    a    tJlven    Section, — The 

niaximum  shear  at  a  given  section  of  a  beam*  due  to  a 
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system  of  moving:  concentrated  loads,  can  be  found  in 
almost  the  same  way  as  the  moment,  by  trying  several-loads 
at  the  section  successively,  and  drawing  the  closing  line  of 
the  equilibrium  polygon  and  the  ray  parallel  to  that  line 
in  the  force  polygon  for  each  position  of  the  loads.  Then, 
the  reactions  and  the  shear  at  any  section  can  be  scaled 
directly  from  the  load  line. 

Example. — Let  it  be  required  to  find  the  maximum  shear  at  the 
quarter  point  of  a  beam  80  feet  in  length,  due  to  Cooper's  E50. 

Solution.— The  span  may  be  laid  ofiF  with  the  quarter  point  at  W„ 
and  verticals  drawn  at  the  ends  of  the  span,  intersecting  the  equilibrium 
polygon  at  j4^  and  B^;  the  closing  line  AtB^  is  then  drawn.  Fig.  35. 
Then,  if  Or  is  drawn  parallel  to  A^B,,  the  left  reaction  is  equal 
to  0-r,  and  the  shear  at  the  quarter  point  1-r  =  179,000  lb.  Next,  the 
span  may  be  laid  off  with  the  quarter  point  at  W*;  the  left  reaction  is 
equal  to  0-r^,  and  the  shear  at  the  quarter  point  is  0-r*  —  0-2  =»  2-r' 
=  159,000  lb.  As  the  shear  when  U\  is  at  the  quarter  point  is  greater 
than  this,  the  maximum  shear  is  179,000  lb.    Ans. 


1-  Introduction.— All  the  outer  forces  considered  in 
Stresses  in  Brifiur  Tmssts,  Parts  2,  3.  and  4,  are  vertical 
forces.  As  explained  in  Pan  1,  bridges  are  subject  lo  ilie 
action  of  horizontal  or  transverse  forces — principally  wind 
pressure  and  centrifugal  force — that  must  be  resisted  by 
lateral  tt*usse^  or  bracing:  lying  in  planes  that  are  not  ver- 
ticaK  The  nia^nitudes  of  these  transverse  forces  and  the 
stresses  caused  by  them  will  now  be  discussed. 


J 


........ 

H  2.  fntenglty  of  WIiul  Pressure. — Records  of  the 
■  Intensity  of  wind  pressure  have  been  kept  in  various  places, 
and  frtjm  them  it  has  been  deduced  ihrtt  the  maximum  pres- 
sure duringj  heavy  gales  may  be  as  high  as  50  pounds  per 
square  foot  of  exposed  surface;  in  some  instances,  even 
greater  pressures  have  been  recorded,  but  they  are  probably 
of  so  rare  occurrence  that  they  may  be  safely  neglected. 
The  best  bridge  engineers  of  the  present  time  consider  it 
sufficient  to  provide  for  a  pressure  of  50  pounds  per  square 
foot  over  the  entire  exposed  area  of  railroad  and  highway 
H  bridges,  or,  in  the  case  of  railroad  bridges,  an  alternativt 
pressure,  if  it  produces  greater  stresses  in  the  hiteral  sys 
lem,  of  30  pounds  p<_'r  square  foot  against  both  the  exposed 
surface  of  a  train  of  cars   and   the  exposed   area  of  the 

Cctifrf£hted  by  Intnnaittpmtt  Ttxtbaok  Company      Enttttd  at  Statiantri'  Httii,  Lendor. 
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bridge.  The  weight  ot  a  train  of  empty  cars  is  approxi- 
mately 900  pounds  per  linear  foot^  and  the  standard  distance 
from  center  to  center  of  rails  is  about  4.9  feet.  Taking 
moments  about  the  top  of  a  rail,  as  shown  in  Fig.  1,  the 
moment  of  stability  of  an  empty  car,  or  the  resistance  to 
overturning,  is 

900  X  ^  =  900  X  2.45  =  2,205  foot-pounds  per  linear  foot 

The  exposed  area  of  the  side  of  a  car  will  be  assumed  to 

extend  from  about  2  feet  to  12  feet  above  the  top  of  the  rail; 

then,  the  exposed  area  per  linear  foot  is  10  X  1  =  10  square 

feet,  the  center  of  which  is  7  feet  above  the  top  of  the  rail, 

__^ ,  as  shown  in  Fig:.  L    Then 

J 


p=iap 


^^'> 


Fta.  1 


if  the  wind  pressure  per 
square  foot*  uniformly  dis 
tributed  over  the  side  o: 
the  car,  that  will  just  over 
turn  it  is  represented  by/, 
the  total  pressure  P  per 
linear  foot  is  10  /,  and, 
taking  moments  about  the 
top  of  the  railj  the  over- 
turning moment  is  10j&x7 
foot-pounds  per  linear  foot- 
Placing  this  equal  to  th 
moment   of    stability   just 


4 


foimd^  and  solving  for  p^  we  have 

2  205 
p  =      ^^-_    =1  Sl,5  pounds  per  square  foot 

It  is  assumed,  therefore,  that  when  the  wind  pressure  is^ 
greater  than  about  30  pounds  per  square  foot  it  will  be 
impossible  to  operate  trains;  the  higher  pressure  of  50  pounds 
per  square  foot  is  assumed  to  act  against  the  unloaded  bridge 
if  it  causes  greater  stresses  in  the  members  of  the  lateral 
system  than  does  a  pressure  of  30  pounds  per  square  foot. 
In  case  a  train  of  cars  is  caught  on  a  bridge  by  a  sudden 
gust  of  wind,  the  pressure  may  be  greater  than  30  pounds 
per  square  foot;  but,  as  this  condition  will  probably  last  for 
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very  short  lime,  it  is  assumed  that  no  harm  will  result 

from  it.     For  all  practical  purposes,  the  pressure  on  a  train 

of  cars  may  be  taken  equal  to  300  pounds  per  linear  foot, 

acting  7  feet  above  the  top  of  the  rail,  although  other  values 

md  distances  are  used  by  some  engineers. 

In  referring:  to  the  direction  of  the  wind,  ft  will  be  con- 
venient to  speak  of  the  joimiu^anf  (mss  and  the  leeward 
truss,  the  former  being  the  one  on  the  side  from  which  the 
wind  is  blowings  and  the  latter  being*  the  one  on  the  other 
side.     For  example,  if  the  bridge  is  located  north  and  souths 

»ind  the  wind  is  blowing  from  cast  to  west,  the  east  truss  is 
he  windward  truss,  and  the  west  truss  is  the  leeward  truss. 

3*  Kxpostnl  Art'R, — The  exposed  area  of  an  unloaded 
bridge  is  usually  taken  equal  to  twice  the  exposed  area  of 
one  truss;  it  is  found  by  multiplying  the  length  of  each  truss 
member  by  its  greatest  width,  as  seen  in  elevation,  multiply- 
ing; the  sum  of  the  products  by  2,  and  adding^  the  product 
to  the  area  of  the  floor,  as  seen  in  elevation.  The  exposed 
area  of  a  loaded  tlirough  bridge  is  usually  taken  equal  to 
che  sum  of  the  exposed  area  of  one  truss  and  that  of  the 
elevation  of  the  floor,  as  it  is  assumed  that  the  leeward 
truss  is  sheltered  by  the  train  of  cars.  In  deck  bridges,  the 
exposed  area  of  truss  ^nd  floor  is  taken  the  same  as  for  an 
unloaded  bridge,  since  the  train  of  cars  does  not  shelter  the 
Hi  leeward  truss.  In  highway  bridges,  the  pressure  on  the 
^exposed  area  of  the  loads  is  usually  small  compared  with 
that  on  the  exposed  area  of  the  bridge,  and  hence  in  practice 
quite  customarily  neglected,  or  else  a  small  amount  is 
added  to  the  pressure  on  the  loaded  chord,  In  railroad 
bridgres.  the  pressure  against  the  exposed  area  of  a  train  of 
ears  is  relatively  large,  and  is  usually  taken  into  account. 
The  pressure  against  the  trusses  is  taken  as  a  fixed  load  cover- 
ing the  whole  length  of  span;  that  against  the  train  is  taken 
$  a  moving  load  covering  such  portion  of  the  span  as  will 
cause  maximum  stresses  in  the  members  of  the  lateral  system. 
There  are  other  methods  of  computing  the  wind  pressure 
on  bridges,  such  as  allowing  a  Sxed  amount  per  linear  foot 
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of  each  chord,  but  the  method  just  outlined  is  most  generally 
used  and  is  believed  to  be  superior  to  any  other.  For  this 
reason,  it  will  be  used  in  this  and  succeeding  Sections. 

4.  Lateral  System. — The  wind  pressure  against  the 
exposed  surface  of  a  bridge  is  transmitted  to  the  joints  of 
the  trusses  by  the  members  themselves,  and  is  resisted  by 
bracing,  called  lateral  bracinjar,  connecting  the  main  trusses 
and  lying  in  the  planes  of  the  upper  and  lower  chords, 
respectively,  and  by  vertical  or  inclined  bracing,  called  sway 
bracing  or  transverse  bracing,  connecting  opposite 
posts  in  the  tw^o  trusses.  The  sway  bracing  connecting  the 
end  posts  is  called  the  portal  bracing:.  The  combined 
system  formed  by  all  these  bracings  is  usually  called  the 
lateral  system.  The  pressure  against  the  exposed  sur- 
faces of  the  loads  is  transmitted  to  the  lateral  system  of  the 
loaded  chord  by  means  of  the  floor. 


LATERAI-    BRACING 

5.     Description. — The  lateral  bracing  usually  consists 
of  Pratt  trusses  lyinj^  in  the  planes  of  the  chords  of  the  main 
trusses.     In  parallel-chord  bridges,  the  lateral  trusses  lie  in 
horizontal     planes;     in    inclined-chord    bridfjes,    the     lateral 
trusses  of  the  inclined  chord  lie  in  the  several  planes  of  the 
inclined    members,    and    the    panel     lengths    of    the    lateral 
trusses   are   equal    to    the    actual   lengths   of   the   respective 
chord     members.     For     the     purpose     of     determining     the 
stresses,  however,  it  is  customary  and  sufficiently  accurate 
for  all  ordinary  spans  to  consider  the  panels  of  the  lateral 
truss   e(]ital    in    length    to    those    of   the    main   trusses;    the 
stresses  are  then  found  in  the  same  way  as  for  parallel-chord 
trusses.     In   Fig.  2,   (A)    is  the  main   truss;   {a),   the  upper 
lateral  truss;    and    (r),   the   lower  lateral   truss,  d  being  the 
distance    center    to    center    of    trusses.     The    chords    B  C, 
CD,    etc.    of    the    lateral    trusses    are   the   respective   chord 
members  (jf  the  main  trusses;   the  transverse  members  C(\, 
/?/?,.  etc.  are  compression  meml)ers  and  coimecl  the  oppo- 
site joints  of  the  two  main  trusses;  the  diagonals  CB„  D  Cu 
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etc.  are  considered  to  be  tension  members,  although  in  the 
best  modern  practice  they  are  bnilt  to  resist  both  tension 
and  compression.  In  a  through  bridge*  the  floorbeams  act 
as  the  transverse  struts  for  the  lower  lateral  system;  in  a 
deck  bridge  having^  a  floor  system,  the  floorbeams  act  as 
transverse  struts  for  the  upper  lateral  system. 

C,  />!  E|  i>', 


ti:kixixixixm 


T 


i 


Pic*  3 
There  are  two  diagonals  in  each  panel  of  the  lateral  trusses 
in  <jnler  to  resist  the  wind  pressure  from  either  direction; 
when  one  set  of  diagonals  is  in  action^  the  stresses  in  the 
thers  are  assumed  to  be  ^ero.  Assuming  that  the  wind 
panel  loads  act  as  shown  in  Fig.  2  {c),  the  diagonals  shown 
in  (d)  and  (^J  will  be  in  action.  The  loads  on  the  lower 
lateral  truss  are  txansmitted  directly  to  the  abutments  or  other 
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supports;  ihe  loads  on  the  upper  lateral  truss  are  transmitted 
to  the  upper  joints  of  the  end  posts,  which,  with  the  assist- 
ance of  the  portal  bracing,   transmit  them  to  the  supports. 


6.  Calculation  of  Wind  Stresses. — In  Figf.  3,  (a)  is 
the  cross-section  of  a  through  bridge,  and  (d)  the  cross- 
section  of  a  deck  bridge;  /*,,  A,  and  A  are  the  wind  panel 
loads  on  the  unloaded  chord,  train  of  cars,  and  loaded  chord, 
respectively.  It  will  be  assumed  that  the  lateral  trusses  of 
the  unloaded   chords   for   the   two   types   of   bridges   here 
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represented  are  in  the  planes  of  the  top  and  bottom,  respect* 
ively,  of  the  chord  members.  It  will  also  be  assumed  that 
the  lateral  trusses  of  the  loaded  chords  lie  in  the  planes  of  the 
bottoms  of  the  floorbeams.  The  pressure  P^  will  evidently 
cause  stresses  in  the  lateral  trusses  of  the  loaded  chord;  it 
also  tends  to  overturn  the  train,  thereby  inoreasing  the 
amount  of  the  live  load  that  goes  to  the  leeward  truss  and 
decreasing  the  load  on  the  windward  truss*  The  pressure 
may  be  resolved  into  the  components  //»  and  f ',  at^r,  Fig.  3  (tr). 
and  H^  and  V^  at  a\  a  and  a^  being  the  intersections  of  the 
lateral  trass  of  the  loaded  chord  with  the  main  vertical 
trusses-     Then,  P^  —  Hi  4-  H, 

It  is  impossible  to  compute  the  actual  values  of  //,  and  //■ 
by  the  equations  of  equilibrium,  but  these  values  may  be 

A 


assumed  equal  to  each  other  and  to 


In  actual  practice, 


however,  /*,  is  frequently  added  to  P^i  and  the  total  wind 
panel  load  is  assumed  to  be  applied  at  the  windward  side. 
Taking  moments  about  a\  we  have 

P.h, 


whence 


Similarly, 


d 


The  component  /  V  simply  decreases  the  panel  loads  and, 
therefore,  the  stresses  in  the  windward  truss;  if  only  the 
maximum  stresses  are  sought,  it  need  not  be  further  con- 
sidered: f 'i  increases  the  stresses  in  the  leeward  truss,  and 
this  increase  may  be  found  by  multiplying  the  maximum 
live-load  stresses  due  to  vertical  loads  by  the  ratio  of  f, 
per  panel  to  the  live  panel  load;  for,  under  any  condition 
of  loading,  the  live  panel  load  on  the  leeward  truss  may  be 
increased  by  the  overturnit^g  effect  of  the  wind.  Then, 
if  W**  is  the  live  panel  load,  the  wind  stresses  in  the  mem- 

bers  of  the  vertical  truss  are  equal  to     —     multiplied  by  the 
maximum   live-load   stresses*     The  stresses  in   the   lateral 
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trusses  may  be  found  in  the  same  way  as  for  a  vertical  Pratt 
truss,  as  explained  in  Stresses  in  Bridge  Trusses,  Part  2.  The 
overtumins:  effect  due  to  the  wind  pressure  on  the  upper  chofd 
will  be  discussed  later  in  connection  with  the  portal  bracing. 

Example.— Assume  that  the  eight-panel  through  bridge  shown  in 
Pig.  2  (b)  is  subject  to  a  wind  pressure  of  400  pounds  p«r  linear  foot 
on  the  upper  chord;  and  a  fixed,  or  dead,  wind  pressure  of  200  pounds 
per  linear  foot,  and  a  live,  or  moving,  wind  pressure  of  300  pounds  per 
linear  foot,  on  the  lower  chord.  What  are  the  maximum  wind  stresses 
in  all  the  members:  (a)  of  the  upper  lateral  truss?  (b)  of  the  lower 
lateral  truss?  {c)  What  is  the  amount  by  which  ea^h  panel  load  of 
the  leeward  truss  must  be  increased,  assuming  that  the  distance  from 
the  center  of  the  side  of  a  car  to  the  lower  lateral  truss  is  11  feet, 
and  the  distance  from  center  to  center  of  the  trusses  is  18  feet? 

Solution. — Since  the  panel  length  of  the  bridge  is  20  ft..  Pig.  2  {6), 

and  the  distance  center  to  center  of  trusses  is  18  ft.,  the  length  of  a 

diagonal  of  the  lateral  trtksa  is 

9ft  Ql 

V20*  +  18*  =  26.91  ft.,  and  esc  H  ^  ^^ 

{a)  The  wind  panel  load  for  the  upper  lateral  truss  is  400  X  20 
—  8,000  lb.;  the  reactions  are  each 

liOOOX  8  „  20.0001b. 

Then,  the  stresses  in  the  members  are  as  follows  [Fig.  2  (rf)]: 
Mbmbbr  Stress,  in  Pounds 

B,C 20,000  X  -^  =  -  29,900 

C^C +20,000 

CD (L'(MK)0  -  8.00())  X  ""■*!-  =  -17.900 

D,D (L»0,0()0- 8.000)  =  +12,000 

D,E  .    .    .    .  (20,000  -  S.OOO  -  8.000)  X  ^j^-  -  -    5.980 

EK^      =  +    8,000 

BC =  0 

*.C      ^••«^„><-.?°  =  +22.200 

CD ?"-"«;x -•»  =  ■- 22.200 

CA ^•"°"X'"\-''-«»-X=»=+.S.'i.«00 

DE 20..XX).X-I0-8.()00_X_20^   _^^^ 

P.  E.      ...  '-•"••^"-^  **'  -  «-^'x  '-'*' +  :'°^  =  +  40.000 


871 


STRESSES  IN  BRIDGE  TRUSSES 


9 


14,000  1b. 


(A)     The  dead  wind  panel  load  for  the  lower  lateral  truss  is  200  X  20 
=  4,000  lb.;  the  reactions  are  each 
4.000  X 
2 

The  live  wind  panel  loud  is  JiOO  X  20  =  6,000  lb.;  each  live  reaction 
for  full  load  on  the  lower  lateral  truss  is 

The  dead-  and  live-load  stresses  are  found  as  explained  in  Stresses 
in  Bridge  Trusses,  Part  2;  in  the  present  case  they  are  found  together. 
The  combined  stresses,  in  pounds,  are  as  follows  [Fig.  2  (tf)]: 

The  combined  stress  in  a^  b  is 

(21,000  +  14,000)  X  =T^  =  -  52,300 

The  combined  stress  in  di  b  is 

21,000  +  14,000  =  +  35,000 
The  combined  stress  in  biC  is 

6.000  X« -^4-+-^ 
(14,000  -  4,000)  + ^— 


X?^f=-38.60C 


The  combined  stress  in  r,  c  is 


6,000  X 


ex  (6  +  1) 


(14,000-4,000)  + 


The  combined  stress  in  Ci  d  is 


6,000  X 


5X(5  +  1) 


(14,000-4.000  -  4,000)  -t- 


-  +26.800 


X  ?«|i  .«  26.800 


The  combined  stress  in  d^  d  is 

(14,000-4.000-4.000)  + 
The  combined  stress  in  t/i^  is 

(14,000-4,000-4,000-4.000)  + 


6.000  X 


5  X(5  +  l) 
2 


6.000  xi^^l±J^ 


=  +  17,250 


26.91 
18 


14,200 


The  combined  stress  in  e^.  e  is 

full  panel  load  =  4.000  +  6.000  =  +  10.000 
The  combined  stress  in  a  6  is  0. 
The  combined  stress  in  a,  6,  is 

35^0WX20^^3,g^ 

lo 


The  combined  stress  in  ^^r  is 

35.000X20 
18 


-  -38.900 
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The  combined  stress  in  ^,  r,  is 

36>000  X  40  -  10.000  X  20 


18 

The  combined  stress  in  f  i^  is 


~  =  -I-  66.700 


35,000  X  40  -  10,000  X  £0 


The 


The 


The 


18 

corabiQ&d  stress  i 

ia  f  I  t(t  IS 

35.000  XfiO 

^  ]0,000x(i!0  +  40) 

18 

combined  stress 

in  de  ia 

36,000X60 

-  10,000  X  (20  +  40) 

18 

combined  stress  i 

in  (ft  e,  is 

36.000X80- 

10,000  X  (20 +.40 +  60) 

=  -  66.700 


IS 


83,300 


83.S00 


=  +88,900 


(f)     The  live  panel  load 


the 


the 


*  traiDj 

was  found  in  {d)  to  be  6,000  lb.  Since  the  trusses  are  18  ft.  apart, 
and  the  distance  from  the  ceuler  of  the  wind  pressure  on  the  train  xo 
the  lower  lateral  truss  is  11  ft.,  the  increase  in  the  vertical  toad  per 
panel  on  the  leeward  truss  is 

6,000  X  11 


IB 


=  3.670  lb. 


EXAAIPLES    FOR    l^RACTTCE 

1,  A  ten^panel  deck  bridge  with  vertical  end  po^^ts  has  a  span 
length  of  IBO  feet  atid  a  di^ttance  from  center  to  center  of  trusses 
of  18  feet.  If  the  wind  pressure  on  a  train  of  cars  is  300  pounds  per 
linear  foot»  and  on  the  upper  chord  *is  300  poutids  per  linear  foot, 
what  ia  the  maximum  stress  tu  the  diagonal  oF  tbe  second  pacel  of 
the  upper  lateral  truss?  Ans.    —  54,200  lb. 

2,  If  the  center  of  the  wind  pressure  on  the  cars  on  the  bridge 
referred  to  in  example  1  is  10  feet  above  the  upper  lateral  truss,  what 
is  the  amount  by  which  each  panel  load  of  the  leeward  trus*i  must  be 
increased  to  allow  for  the  overturning  effect  of  tbe  wit>d? 

Ans.  li.OOOIb. 

3,  If  the  wind  pressure  on  the  lower  chord  of  the  bridge  referred 
tii  in  example  1  is  200  pounds  per  linear  font,  what  is  the  uiaximuni 
stress  in  the  second  pauel  of  the  leeward  chord  of  the  lower  lateral 
truss?  Ans.   -  IW,200  lb. 

POBTAL  AND  OTHER  SWAY"  BRAC'INU 

7.  Doscrlptton. — It  was  explained  in  Art.  5  that  the 
lateral  truss  of  the  itpper  chord  simply  transmits  the  wiml 
pressure  to  the  upper  joints  of  the  end  posts,  usually  called 


i 
I 

i 
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^■the  hip  Joints,  and  lliat  the  end  posts,  with  the  assistance 
Bot  the  portal  bracing,  transmit  it  to  the  supports.  In  the 
Htfaroug:h  bridge,  the  portal  bracing:  lies  in  the  plane  of 
^"  the   end    posts,    usually   inclined,   and    is   made   as   deep   as 

possible  wilhout  encroaching  on  the  headroom  required 
^kby  the  loads  that  cross  the  bridge.  In  Fig.  4  are  repre- 
^sented'  the  end  posts  A  C  and  A'  C  of  two  trusses  connected 

by  the  standard  types  of  portal  bractng.  usually  called  simply 


i 

' 

1 

^^^ 

n 

H'' 

'S 

c 

r' 

m 


*>- 

H6 

a' 

t 

L 

< 

I 

\ 

B' 

' ft 

1" 

r" 

iff) 


PlO.  4 


ai 

I 


the  portal:  {a)  consists  of  the  transverse  members  A  A* 
and  B B^  and  the  two  diagonals  A  B^  and  A^B\  (fr)  consists 
of  the  transverse  members  A  A^  and  R R^  and  a  lattice  web; 
(f)  consists  of  a  plate  girder;  and  id)  consists  of  the  trans- 
crse  member  A  A*  and  the  knee  bmces  BD  and  B'  ly. 
In  {*?),  the  portion  .7  W  /?'  /?  may  be  similar  to  either  of  the 
forms  shown  in  {h)  and  U)\  ihe  brackets  B  DE  and  B'  D'  E' 
under  the  portal  are  frequently  added,  partly  for  architectural 
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effect,  and  partly  to  afford  additional  stiffness.  It  is  almost 
impossible  to  state  in  a*  general  wa.y  which  type  should 
be  used,  as  this  will  depend  tu  a  great  extent  un  rhe  judg- 
ment of  the  designer;  hi  the  analysis  of  e;j^:h  type,  huw- 
ever,  the  conditions  to  which  that  type  is  best  adapted  will 
be  mentioned.  In  all  that  follows  regarding  the  stresst?* 
in  the  portal  bracing:,  it  must  be  remembered  ihat  the  portal 
and  all  the  stresses  considered  lie  in  the  plane  that  passes 
through  the  center  lines  of  the  end  posts. 


8»  Method  or  CaleiilaLloii. — In  the  analysis  of  trusses 
in  the  preceding"  articles,  it  was  assumed  in  each  case  that 
the  stress  in  each  member  was  a  direct  stress,  and  that  each 
member  was  hinged  or  free  to  tiini  about  the  joints  nl  its 
two  ends.  Iti  the  case  of  portal  bracing,  the  end  post,  in 
addition  to  the  direct  stresses,  is  subjected  to  shearing  and 
bending  stresses  due  to  the  wind  pressure;  and,  whenever 
the  end  posts  are  considered  cut  by  a  plane  of  section,  these 
additional  stresses  must  be  taken  into  consideration.  The 
portal  and  end  posts  can  be  considered  as  a  structure  some 
members  of  which  are  subjected  to  bending  as  well  as  lo 
direct  stresses.  The  only  external  forces  that  act  on  this 
structure  are  the  wind  pressure  at  the  top  and  the  reactions 
that  this  pressure  causes  at  the  supports  C  and  C^  As  in 
the  case  of  the  lateral  truss*  the  wind  pressure  on  the  portal 
may,  for  convenience,  be  assumed  to  act  as  a  single  force  on 
the  wind^vard  side;  it  is  equal  to  one*half  the  sum  of  the 
wind  panel  loads  on  the  upper  chord,  including  thepressiire 
at  the  hip  joint;  in  this  Section,  it  will  be  called  A  The 
analytic  method  is  the  most  convenient  for  finding  the 
stresses  m  the  porta]  and  end  posts,  and  so  the  graphic 
method  will  not  be  discussed. 


4 


9.  Reactt4iTi9. — The  reactions  at  C  and  C,  Fig,  5  {a)i 
may  be  found  by  applying  the  conditions  of  equiUhriuni  to 
the  external  forces,  considerinjj  the  reactions  to  be  resolved 
into  components  parallel  and  at  right  angles,  respectively,  to 
the  end  posts;  the  components  parallel  to  the  end  posts  will 
be  called  the  K  components,  and  those  perpendicular  to  the 
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IS 


nd  posts  the  X  components.     Assuming  ihe  components  -V 

nd  X',  y  and    V  of   the  reactions   at  C  and  O  to   act   as 

shown  in  Fie-  5i  and  denoting  by  ^  the  distance  from  center 


c:  x" 


to  center  of  the  trusses,  and  by  /i  the  distance  from  the  top 

iof  the  end  post  to  the  bottom,  we  have,  from  the  equation 
IM-^  0, 
; 


y  =  ^X  ^    y  =  ^X  h  ^  y. 


d     '  b 

(and  from  the  equation  ^ X  =  0,  , 

P  =  X-\-  A'/ 
ll  IS  impossible  to  calculate  the  actual  values  of  X  and  A'' 
[by  the  equations  of  equilibrium,  but  in  practice  it  is  customary 

P 


in  this  case  to  assume  that  they  are  each  equal  to 


This 


is  probably  quite  close  to  their  actual  values.    The  reactions  as 
just  found  are  the  same^  no  matter  what  type  of  portal  is  used, 

10.  End  Posts. — The  stresses  in  the  end  posts  and  the 
portals  depend  on  the  condition  of  tiie  connections  at  C  and 
C — whether  the  end  posts  are  hinged  at  these  points  or  are 
firmly  fixed  in  direction.  For  the  present,  it  will  he  assumed 
that  they  are  hinged,  and  ihe  stresses  will  be  found  on  this 
assumption.      Later  on,   the  e£fect  of  &xing  them  will  be 
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discussed.  As  there  arc  no  diagonals  meeting  the  end  pofiCa^ 
at  Cand  C,  Fig.  5  {a},  those  posts  must  be  capable  of  resist* 
ing  both  the  X  and  )'  components;  the  K  components  will  act 
along  them,  causing  direct  stresses;  the  -V  components  will 
act  on  the  portions  B  C  and  B' C\  below  the  portal,  as  oi 
overhanging  beams  loaded  at  T  and  C\  and  fixed  in  direction 
at  B  and  B%  respectively. 

The  end  post  B  C  may  be  considered  cut  by  a  plane  at  the 
section  a  at  a  distance  equal  to  v  from  C  and  the  portion 
between  a  j^nd  C  considered  as  a  free  body,  as  shown  in 
Fie.  ^  (*)■  As  this  portion  is  in  equilibrium,  the  forces  act- 
ing: on  it  must  be  in  equilibrium.  Let  S^  and  S,  be,  respect- 
ively, the  horizontal  and  the  vertical  component  of  the  stress 
at  a.     Then,  from  the  equation  ^'K  =  0,  \ 

St  —  y  —  /*  \  tension  in  j9C 
o 

From  the  equation  -1'  A'  =  0, 

P 
S,  •=  X  =  — ,  shear  on  section  a 


Applying  the  equation  ^M  —  0,  moments  being'  taken 
about  the  center  of  section  a^  the  moment  of  Kwill  be  zero* 
and  the  moment  of  resistance  lo  be  ufiEered  by  the  end  post 


at    section   a  will    equal    Xx,  or   - 
tension  in  B  C  from  B  \.o  C  equal  to  P 


There  fore*   there   i  s 


tion  between  B  and  C  equal  to  -  ,  and  bending  moment  at 

2 


any  distance  x  from  C  equal  to 


at  j9,  where  x  is  equal  to 
h  —  if,  this  moment  is  greatest  and  equal  to  _    (/;  —  d 

like  manner,  it  may  be  shown  that  in  member  ^  C  there  is 
compression  equal   io  P    ^   shear  at  any  point  between  B 


and  O  equal  Io      .  and  bending   moment   at   B'  equal  to 


h  —  d).     The  fiber  stresses  caused  iu  the  end  posts  by 


§71 


STRESSES  IN  BRIDGE  TRUSSES 


15 


these  stresses  roast  be  added  to  the  stresses  due  to  dead  and 
live  loads  to  get  the  maximum  stresses. 

The  stresses  from  C  and  O  to  the  lowest  point  of  the 
portal  bracing  will  be  the  same  as  just  given,  no  matter  what 
type  of  portal  is  used.     The  portals  will  now  be  considered. 

1 1.  TUe  Braced  Portal. — The  portal  shown  in  Fig.  4  {a) 
is  sometimes  called  a  braced  portal,  and  is  used  when  the 
depth  of  portal  is  large  compared  to  the  length,  thereby 


p 

■4 

P 

r    ^ 

1 

1 

B 

^^ 

v^ 

« 

ff 

. 

^ 

^ 

1 

d 

'. 

• b 

> 

— 

(a) 

P. A 


K> 


ft* 


^^ 


U--/ 


(h) 


Sr^ 


re)       f    ^ 


Pio.  6 

giving  the  diagonals  a  good  inclination.  The  latter  are 
usually  constructed  in  such  a  way  that  they  can  resist  tension 
and  compression,  but  it  is  customary  to  assume  that  they  act 
in  tension  only;  when  one  is  in  action,  the  other  is  assumed 
to  be  out  of  action.  If  the  wind  comes  from  the  left,  P  is 
applied  at  A^  and  the  diagonal  B  A'  is  in  action,  as  shown  in 
Fig.  6  (tf).  The  stresses  in  the  members  may  now  be  found 
by  the  method  of  moments  and  shears.  The  portal  may  be 
considered  cut  by  a  plane,  such  as  fig,  Fig.  6  (a),  that  cuts 
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AA'y  B  A',  and  B  B\  and  the  portion  to  the  left  of  the  plane 

considered  as  a  free  body,  as  shown  in  Fig.  6  (b)\  the  forces 

P  Ph 

acting  on  this  portion  are  P  at  A^       and     -     at  C  and  the 

2  0 

forces  S„  5„  and  5,  representing  the  stresses  in  A  A\  B  A*, 

and  B B\  respectively,  and  assumed  to  act  as  represented  in 

Fig.  6  (b).     Applying  the  equation  -  K  =:  0,  we  have 

S,%\XiH-^-^  =  0; 
p 

whence  S,  =  -—-  esc  // 

0 

As  this  is  positive,  the  assumed  direction  of  S,  is  correct, 
and  the  stress  in  B  A^  is  tension. 

The  stress  in  AA'^  represented  by  Si^  can  be  found  most 
readily  by  the  method  of  moments,  taking  B  as  the  center  of 
moments.     Applying  the  equation  }:  Af  =  0,  we  have 

^(k-d)-^Pd-S.d^  0; 

,  ^        Ph  ^P 

whence  5.  =  --  +  - 

As  this  is  positive,  the  assumed  direction  of  .S.  is  correct, 
and  the  stress  in  A  A'  is  compression. 

The  stress  in  B  B',  represented  by  S,,  can  be  found  most 
readily  by  applying  the  equation  ^ X  ■=  0  to  all  the  X  com- 
ponents that  act  on  the  portion  shown  in  Fig.  6  {b).     The  A' 

P/i 
component  of  .9,  is  S,  cos  //,  or  X  cot  //,  and,  substitu- 

b 

ting  for  cot  H  its  value   ^.  .S\  cos  H  becomes        .     Then, 

-^^        d         ^  ^\2d^  2l^  2   ~  ^' 
whence  >S,  = 

zd 

As  this  is  positive,  the  assumed  direction  of  S^  is  correct, 
and  the  stress  in  /?/?'  is  compression. 

At  the  joint  A,  the  two  external  forces  P  and  Si  are  not 
equal;  the  difference  between  them, 

P/t  _P 
"  2d       2' 


f^'  +  n- 
\2^       2/ 
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acting  to  the  left,  causes  shearing  stress  in  the  member -'^^. 
As  there  are  no  V  forces  at  the  joint  W,  there  is  no  direct 
stress  in  A  B. 

The  joint  A'  may  be  considered  a  free  body,  as  represented 
in  Fig.  6  (r);  the  forces  acting  on  it  are  S,,  5„  S^^  and  **?., 
the  latter  representing  the  shear  in  A'  B'.  Applying  the 
equation  2'  K  =  0,  we  have 

5«  —  St  sin  H  ^  0»  or  5« =  0; 

o 

whence  S^  =  — — 

b 

As  this  is  positive,  the  assumed  direction  of  5,  is  correct, 

and  the  direct  stress  in  A'  B'  is  compression.     Applying  the 

equation  ^  X  ^  0,  we  have 

St-\-  Sx  —  St  cos  //  =  0 

n  L         p 

whence  5.  =  -— -  —  — ,  shear  in  A'  B* 

which  is  equal  to  the  shear  in  A  B, 

When  the  wind  blows  from  the  right,  the  diagonal  A  B' 
will  be  in  action,  and  A' B  out  of  action;  the  stresses  in  the 
other  members  of  the  portal  will  be  the  same  as  those 
given  above;  the  stresses  in  the  end  posts  will  change  in 
character. 

12.  Plate-Girder  Portal. — Fig.  4  (r)  shows  a  type  of 
portal  composed  of  the  two  transverse  members  A  A' 
and  B B'^  usually  made  of  angles,  connected  by  a  solid  web 
or  plate.  The  construction  is  identical  with  that  of  a  plate 
girder.  This  form  of  portal  is  called  a  plat<"-Rlr<l**r 
portal,  and  is  especially  adapted  to  cases  where  the  avail- 
able depth  of  portal  is  small  compared  with  the  length,  as 
in  the  case  of  a  shallow  truss.  In  this  Section,  it  will  be 
sufficient  to  get  the  expressions  for  the  shears  and  moments 
on  the  girder  at  %'arious  points;  the  methods  of  calculating 
the  flange  and  web  stresses  from  th^-m  will  ^>c  fully  dis- 
cussed in  connection  with  the  design  of  plate  girders.  If 
the  plate-girder  portal  shown  in  Fig.  7  i»  cut  by  a  plane  at 
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right  angles  to  the  flanges  yl  A^  and  ff  B'  at  a  distance  jf 
from  -^  C,  and  the  portion  to  the  left  of  the  section  is  con- 
sidered as  a  free  body*  it  will 
be  seen  that  the  shear  on  the 
section  is  equal  to  V,  which 


r 


Ai 


Fio.  1 


is  equal  to  P-j  and,  as  this 

is  independent  of  x,  the  shear 
will  be  constant  from  A  B  to 
A'  B\  When  the  wind  comes 
from  the  left,  the  shear  is  neg- 
ative; when  from  the  right,  tt 
is  positive. 

The  moment  M  of  the  ex- 
ternal forces  on  the  left  of 
the  section  about  the  point  a, 
which  may  be  called  the  bend- 


ing moment  at  a  in  the  upper  flange,  is  equal  to 


V  r        i/-^         Ph     )Phx 

^                     2           b 

When  X  =  0, 

When  ^  =  1 
2t 

"-'-i-'-i-" 

When  X  ^  b. 

'"'-i-"'"-'^ 

The  moment  M'  about  the  point  a',  or  the  bending  moment 
at  a'  in  the  lower  flange,  is  equal  to 

X{h~d)  -Yx-\-  Pd  = 


PA.Pd_  Phx 
2    "*"    2  b 


When  ;c  =  0. 
When  X  =  -y 

When  X  —  b. 


M'  ^  - 


Ph 


^    2 


When  the  wind  comes  from  the  right,  the  distance  x  is  the 
distance  from  the  section  to  the  right  end,  and  the  moments 
are  given  by  the  same  formulas. 
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13*  ijattiee  Portal. — Fig.  4  {b)  shows  a  type  of  portal 
mposed  of  the  two  transverse  struts  A  A*  and  B  B'  con- 
nected by  ati  open  or  lattice  web,  there  being  several  systems 
Io£  web  raembers.  This  is  by  far  the  most  common  type  in 
pse,  especially  where  a  reasonable  depth  may  be  had — say^ 
at  least,  one-sixth  the  distance  from  center  to  center  of  the 
^nd  posts.  The  actual  number  of  web  systems  is  usually 
from  two  to  six  or  ei^ht,  but  in  some  cases  more  are  used, 
the  number  dependin^"^  to  a  great  extent  on  Che  depth  of  the 
portal.  No  definite  rule  can  be  stated  for  sketching  out  or 
selecting  the  arrangement  a^ 


I 


of  web  members^  which 
depends  somewhat  on  the 
judgment  of  the  designer,  \ 
,nd  is  frequently  controlled  \ 
y  esthetic  considerations. 
If  the  portal  shown  in 
Fig.  8  is  considered  cut  by 
a  plane  aa'  at  right  angles 
to  the  flanges  A  A'  and 
B  E\  and  the  portion  on 
the  left  of  the  section  is 
considered  as  a  free  body, 
it  will  be  seen  that  the 
shear  on  the  section  and 
the  moments  about  the 
points    in    the    upper   and 


Fig.  d 


lower  flanges  at  a  distance  x  from  the  left  end  are  the  same 
as  those  found  for  a  plate^girder  portal.     They  are,  then,  as 
Kfollows; 

^H  shear  =   — 

k 


moment  at  a  = 


moment  at  a 


t  ^ 


Ph       Pd 
2  2 


2  b 

Phx 


As  in  the  case  of  the  multiple-system  trass,  it  is  impossible 
to  calculate  the  stresses  in  the  members  directly  by  the  equa- 
tions of  eciuilibrium;  in  ibis  case,  it  is  also  impossible  to  find 
what  proportion  of  the  load  goes  to  each  system,  so  that  the 
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systems  cannot  be  treated  independently,  as  in  the  case  of 
the  truss.  For  purposes  of  calculation,  however,  it  is  cus- 
tomary to  assume  thai  the  shear  on  any  section  cut  by  a 
plane  at  right  angles  to  the  flanges  is  evenly  distribtited 
among:  the  web  members  cut  by  the  plane;  if  the  number  of 
web  members   cut  is  /?,  the  V  component  in  each  member 

P/i 

This  assumptroQ  is  not  absolutely 


is  assumed  to   be 


ft  b 


correct,  but  is  probably  as  close  to  the  true  condition  of 
affairs  as  any  assumption  that  can  be  made.  Id  the  present 
case,  where  all  the  web  members  have  the  same  inclination, 
if   the   length   o£   one   member  between   flanges    is   /,  the 

When  the  wind  comes 


^ 


P  h       I 

stress  in  each  diagonal  is  - —  X  -  ■ 

nb      d 


from  the  left,  the  shear  is  negative^  and  causes  tension  in  those 
members  that  slope  downwards  to  the  left^  and  compression 
in  those  that  slope  upwards  to  the  left;  when  the  wind  comes 
from  the  right,  the  shear  is  positive,  and  the  stresses  are 
opposite  to  the  above,  but  of  the  same  numerical  values. 

The  stresses  in  the  flanges  may  be  calculated  most  readily 
by  the  method  of  moments.  As  the  }'  components  in  the 
various  web  members  are  equal,  and  as  the  inclinations  of 
the  members  are  the  same,  their  ,V  components  must  be 
equal  also.  TheOt  if  a  plane  is  passed  throujih  the  center  of 
one  of  the  panels  of  the  flanges,  it  will  cut  the  web  members 
at  their  intersections.  The  lever  arms,  and,  therefore,  thei 
moments  of  the  Y  components  of  the  stresses  in  the  web 
members,  about  the  points  a  and  a'  in  the  fianges,  will  be 
equal  to  zero.  At  each  intersection,  there  are  two  A*  comi 
ponents,  equal  and  opposite;  the  sum  of  their  rooraentS' 
about  the  points  a  and  a'  is,  therefore,  equal  to  zero.  The 
moments  of  the  eKternal  forces  about  «  and  a*  have  aJready 
been  found.     Then,  the  stress  in  A  A'  is  equal  to  the  moment 


at  a^  divided  by  d,  and  the  stress  in  B B^  is  equal  to  the 


moment  at  a  divided  by  d. 

Pk 

2 


The  stress  in  A  A'  is 


2  b 


P  _  Phx 
'Id      %       bd 
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I  and  the  stress  in  B  B'  is 
j  Ph^     Phx 


P_h 
2d 


Phx 


d  2d       bd 

The  actual  stresses  will  depend  on  the  value  of  jr.     If  the 
web  members  divide  the  flanges  into  m  panels  of  the  same 


w 


ength  p^  the  smallest  value  of  x  will  be  ^,  and  the  larerest, 

2 


m  p 


P 

2' 


2  m  -^1    . 
or —  p. 

2        ^ 


When  there  is  a  large  number  of 


imatl  panels,  the  smallest  value  of  x  may  be  taken  equal  to 

zero,  and  the  largest  equal  to  mp^  or  b.     Then: 
When  X  =  0, 

I        stress  in  A  A'  = 


Ph      P 
-  +  -,  compression  at  left  end 


When  X  ^  b. 


Ph      P 
stress  in  A  A^  —  —  „  j  +  n»  tension  at  right  end 


When  X  =  0, 


Ph 


stress  in  B B^  =  -— ,  tension  at  left  end 
2d 


When  X  =  b, 

stress  in  B  B'  — 


Ph 
2d' 


compression  at  right  end 


I  When   the  wind  comes  from  the  right,  x  is  the  distance 
om  the  right  end,   and   the  stresses  in   the  members  are 
reversed. 

14*  Portal  With  Knee  Braces. — When  the  depth  of  the 
truss  is  such  that  there  is  insufficient  room  above  the  traffic 
for  any  of  the  portals  that  have  been  previously  described, 
an  arrangement  similar  to  that  shown  in  Fig.  4  id)  is  fre- 
quently used.  The  horizontal  member  .-/  D  Z)'A^  is  the  portal 
^■fand  connects  the  end  posts  at  the  top;  the  inclined  mem- 
^^ers,  or  knee  braces,  B  D  and  /?'  D'  connect  the  end  posts  to 
the  under  side  of  the  portal,  which  is  usually  a  plate  or  lat- 
ice  girder.  The  reactions  at  C  and  C\  and  the  stresses  in 
'the  end  posts  below  the  points  B  and  B\  are  the  same  as 
found  in  Art.  10,  The  knee  braces  are  sabjecled  to  direct 
stresses  of  tension  and  compression;  the  portal  is  subjected 
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to  direct  stresses  of   tension  and  compression,  and  also  to 
shearing  and  bending  stresses. 

15.  The  stress  in  B  D,  Fig.  0  (*7).  may  be  found  by 
taking  moments  about  A  of  all  the  forces  on  the  left  of  a 
plane  of  section  pq  cutting  B  D  and  A  />.     Denoting:  the  A' 


^x\  \ 


2d   2    ^    \ 


component  of  the  stress  in  B  D  by  .S^v,  and  the  length 
by  /,  and  taking  moments  about  .7,  we  have 

V/l/  =  ^'  h  -  S,d  =  0: 
2 


ABD 


whence                                  Sx  = 

and  the  stress  in  B  D  is 

Ph      I 
2d^  V 

Also.                                 •^■=2*' 
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Applying  the  equations  2'A'  =  0  and  -i'  K  =  0  to  all  the 
forces  acting  at  the  point  /?,  Fig,  9  (^),  the  stresses  in  A B 
are  found  as  follows: 

P  h       P 
whence  ^*  ~  n  j  ~  b  •  shear  in  A  /?. 

^^         b        2^^^'       ^' 

,                     ^         Ph       Ph  •       •      A  t> 

whence  S>  =      -^ ,  compression  \n  A  B 

it  o  0 

In  like  manner,  it  may  be  shown  that  the  stress  in  B'  D*  is 

compression   equal  to  0",,,.'^"^   the  stresses   in  A' B'  are 

,                 ^  ,    Ph      P        . ,       .              .  ^    Ph      Ph 
shear  equal  to  ---—  —     ,  and  tension  equal  to ,  . 

As  this  style  of  portal  is  usually  very  shallow  and  rests  on 
top  of  the  chords,  it  will  be  sufficiently  accurate  to  ignore  the 
depth  of  the  portal  itself  in  computing  the  moments. 

The  X  and  Y  components  of  the  forces  that  act  on  the 
portal  are  shown  in  Fig.  9  (r);  the  stresses  will  now  be  found. 

At  the  joint  W,  the  forces  are  as  follows:  the  wind  pres- 
sure /*,  the  shear  and  direct  stress  in  A  By  and  the  stresses 
in  AD,  Denoting  the  direct  stress  in  AD  by  6'«,  and 
writing  the  equation  2*-^  =  0,  we  have 

VA'=5.-/'-Jj  +  J  =  0; 

,  ^        Ph  ^  P 

whence  o«  =   ^    ."^  o*  compression 

Denoting  the  shear  m  A  Dhy  5„  and  writing  the  equation 
^  Y  =z  0,  we  have 

whence  5.  = , ',  positive  shear 

2  b         b 

The  bending  moment  at  any  section  at  a  distance  x  to  the 

right  of  A  is 

.,       (Ph      Ph\ 


.s^---^ 


24  STRESSES  IN  BRIDGE  TRUSSES  §71 

At  /?,  jr  =  b\  and  Md  =  — - —      , — ,  positive  moment. 

Z  b 

The  forces  at  the  joint  D  are  the  stresses  in  AD,  DD*, 

and  B  D,     Denoting  the  direct   stress   in  D  ly  by  5",,   and 

writing  the  equation  ^  X  ~  0,  we  have 

whence  *^^  —  n^  compression 

Denoting  the  shear  in  D  D'  by  5*,,  and  writing  the 
equation  X  Y  —  0, 

whence  5,  =  -  -,  negative  shear 

The  bending  moment  at  any  section  of  D  ly^  at  a  dis- 
tance Xx  from  Ay  is 

j^       (Ph      Ph\  Ph  (  fj. 

Ph       Phx,       "  .,. 

— _-  '^  positive  moment 

2  0 

At  /^  ,.r,  =  0  —  0  y  and  .»//.'  =  —        .  positive  moment. 

In  like  manner,  the  stresses  in  />'.-/' may  be  found.  They 
are  as  follows: 

Ph       Ph  .^.  .  ,    Ph       P   ^       . 

—         ,    positive    shear;    and  —      ,  tension 

16.  Poptiil  With  C'lirvfil  Brarkils.  With  the  portals 
shown  in  P^ij;.  4  {i>)  and  (^),  the  form  of  knee  brace  or 
bracket  shown  in  Fig.  I  (r)  is  frequently  used;  it  serves 
a  double  purpose  in  decreasing  the  bending  on  the  end 
post  and  addiujj  slightly  to  the  architectural  appearance  of 
the  entrance  to  the  bridge.  In  this  case,  the  maximum  bend- 
ing moment  on  the  end  post  occurs  at  A"  and  /;'',  and  is  equal 

to       (//  —d—ii'),  which  is     ^      less  than  when  no  bracket 

is  used. 

The  ben<ling  moment  <mi  tbe  ]>oit;d  where  it  is  in  contact 
witli  the  bracket  is  less  than  when  no   bracket  is  used.      In 
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I 


value  b  —  d'  for  the  plate  girder,  and  from  d'  -^^Xo  b  —  d' 


calculating  the  moments  at  various  sections  along  the 
portal,  the  formulaii  already  found  in  Arts.  12  and  13  may 
be  used,  -r  varying  from  a  minimum  value  d'  to  a  maximum 

P 
2 
for  the  lattice  portal.     The  shear  between  the  brackets  will 

I  be  the  same  as  when  no  brackets  are  used. 
17*  Fot'«mil«s  Tor  I'orUiIs* — The  formulas  necessary 
for  the  designs  of  the  various  portals  that  have  been  analyzed 
are  shown  in  Fig.  10  {a)  to  (c),  with  the  wind  assumed  as 
coming  from  the  left.  When  the  wind  comes  from  the  right, 
the  formulas  will  be  the  same,  but  will  in  each  case  apply  to 
the  corresponding  member  on  the  other  side  on  the  bridge. 
Example.— Jii  the  portals  shown  in  Fig.  4,  let  A  =  :i2  feet,  <^  =  H  feet^ 
i  =  IR  feet.  A'  =  4  feet,  rf'  -  3  feet,  and  P  -  24.000  pounds*  the  wind 
coming  from  the  left.  What  are  the  wintl  stresses  ia  the  different 
portals  and  end  posts,  using  the  formulas  given  in  Fig,  10? 

Solution. — In  Fig.  10  {&),  (^),  (f),  and  {d),  the  stresses  in  ^Care 
as  iollows: 

1^,  .       ,        Ph       24,000  X  32 

The  tension  is      —^    ~ 


The  shear  is 


18 
24.000- 


=  42,700  lb. 
2  =  12.000  lb. 


The  beading  moment  at  B  is 


P  24  000 

r^{h-d)  =  ^^^X  (32-8)^  288,000  ft. -lb. 

The  stresses  Jo  fl'  C'  are  the  same  numerically  as  those  in  B  C„  the 
direct  stress  of  42»7lKt  lb.  in  A"  C  is  compression* 

lu  Fig.  10  {£-),  the  stresses  in  E  Ca.nd  FJ  Care  the  same,  respectively^ 
as  those  in  B  Cand  B'  C,  just  given,  except  that  the  bending  moment 
at  E  and  at  E'  is  equal  to 


{h-d-  d'} 


94  rtfln 

-^  X  (32  -  8  -  aj  =  5G2.000  ft.-lb. 


1.     The  stresses  in   the  members  of  ihe  braced    portal   shown   in 
*Ftg,  10  ((2)  wHl  next  be  found. 

The  stresses  in  ^1  /^'.  A'  B.  and  B  B'  are  as  follows: 


hiJ^A\ 


''^  +  ^  -  ''"^-^  +  "^  -  60.000  ft.-Ib. 


'2d 


2X8 


inA'B, 


UiBBf, 


PA  I       24,000  X  32  X  VlH'  +  &■ 


dd 


8X  18 
P/i       24,000  X  32 


2d 


2X8 


=  4rt.ooo  lb 


10.1, HKMb..  tension 
.,  compressiou 


'   I 


i 


^  ^A 


£n^posfs  same  ss  *rfiove 
except  as  bhown. 


W  7 


M=^fh^,t) 


Sti€-ar 


2 


i^Shear 


^ 


Cr^ 


Fic.  30 
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The  direct  stress  in  A  B  is  0. 
The  shear  in  A  S  and  A'  &  is 

Ph       P      24,000  X  32      24.000       ^  ^nn  ik 

The  direct  stress  in  A'  &  is 

/>A       24.000  X  32        ..  „^  ,. 

-V-  =  .^^ —  -  =  42,*00  lb.,  compression 

2.  The  stresses  in  the   members  of  the  lattice  portal  shown  in 
Fig.  10  (6)  will  next  be  found. 

The  stress  in  each  web  member  is  equal  to 

Ph  I       24.000  X  32  X  V9»T8^       ,_  .„  ,^ 
nbd 6X18X8"  =iO>'001b., 

tension  in  those  members  that  slope  upwards  to  the  right,  and  com- 
pression in  the  remaining  members. 
The  stress  in  A  A'  is  equal  to 

Ph      P       Phx       24,000  X  32      24.000  _  24.000  X  32  X  ;r 
td^t  bd    "^   "'2X8       "^      2'  8X18 

^  __-      16,000 
=  60,000 ^     X 

18 
Since  there  are  six  panels  and  d  =  18  ft.,  ^  =  ^  =3  ft.;   then,  at 

the  left  end  .*•  =  1.5  ft.  and  the  stress  in  A  A*  is 

16  OOO 
60.000 ^  X  1.5  =  52,000  lb.,  compression 

At  the  right  end,  x  —  16.5  ft.,  and  the  stress  in  A  A*  is 

60.000  -  "-^  X  16.5  =  -  20,000  lb.,  tension 

The  stress  in  ^  j?'  is 
Ph  _  Phx  _  24^000^32  _  24,000  X  32  X  j:  _  ^  ^^  _  16.000 
2d         bd    ^       2X8  8X18  ■***'"^  3      ^^ 

At  the  left  end,  the  stress  in  B  B'  is 

48.000  -  -^  X  1.5  =  40,000  lb.,  tension 
At  the  right  end,  the  stress  in  ^  ^  is 

48,000  -  ^^  X  16.5  =  -  40,000  lb.,  compression 

3.  The  shears  and  moments  on  the  plate-girder  portal  shown  in 
Fig.  10  (c)  will  next  be  found. 

Shear  at  any  section  is-v-  =  42,700  lb.,  negative  shear. 

Ph 

The  moments  in  the  upper  flange  are:    at  the  left  end,  M  =  —^ 

=  384,000  ft.-lb.;  and.  at  the  right  end,  A/  =  -^^=-384,000  ft.-lb. 
The  moments  in  the  lower  flange  are:  at  the  left  end. 
JV  =  ^  +  ^  =  480,000  ft.-lb. 
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and,  At  the  right  end, 

^'  "  ^  "  T^  "  "  288,000  ft.-Ib. 

4.  The  stresses  in  the  portal  with  knee  braces,  shown  In  Pig.  30  (4i 
will  next  be  fonnd. 

The  stresses  in  B  D  and  ^  />  are  as  follows: 

*°^^'  2d& 2X8X4 ^107,300 lb.,  tendon 

Pkl 
in  B^iy,  ~p  «  107,300  lb.,  compression 

,    The  direct  stresses  in  A  S  and  A'  &  are: 
\nAB, 

Ph      /'A      24,000X32     24.000x32  _  «.m««-irf«n 

InA'Bf,  5^  -  ^  -  63,800  lb.,  tension 

The  direct  stresses  in  ^/?,  D/y,  and  />W'  are: 

1     An      Ph  ,  P      24,000X82^24,000      ^««,.  , 

in^A     2rf +  2  "      2X8 — "•■  ~2~  "  60.000 lb.,  compressiott 

P       24  000 
inV/y,  J  -  =^^  -  12,000  lb.,  compression 

I     /v^/         /**      ^      24,000X82      24.000       ««,^n,K     •     ^ 

in  /y^'.        2rf  "  2  ■  *TX8 2~  "  ^'^  ^^''  *~^**" 

The  shears  in  A  Z7.  /7/X.  and  /X^'  are  as  follows: 
in^n         ^*      />A^  24,000X32.    24,000X32_ 
in  ^Z?.        2*>  "  T"  "     ^X  4 18  "  ^'^^  "^' 

'      nn,  ^*        24,000  X  32         .„  _._  „ 

in  /?/>.  ___  as  — I—— =  42,700  lb. 

0  lo 

PA       PA 

in  VA^  ^  ~  ^  "  ^^'^^  ^*^* 

The  bending  moments  at  D  and  V  are: 
.„    />*      PA*'       24.000X32      ?MWx32X4 

PA       PA  A' 
at  ZK,  ^  -  =-y    =  213,300  ft.-lb. 

5.  The  stresses  in  the  portal  with  curved  brackets  will  next  be 
found. 

The  stresses  in  the  web  members  are  the  same  as  found  in  2. 
The  stresses  in  the  flanges  are  different,  however,  from  those  there 
found,  because  the  smallest  value  of  x  is  4.5  ft.  and  the  largest  is 
13.5  ft. 

The  stresses  in  A  A'  and  B  B'  are  as  follows: 
in  A  A'  (at  left  end), 

60,000  -  — ^^  X  4.5  =  36,000  lb.,  compression 
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la  A  A'  (jit  ri^ht  end) , 


60.000  -  i^^  X  13.6  =  -  12,000  \h,,  tension 


in  BB*  (at  left  end), 


ifi  noo 

48.000  "      3    •  X  4-5  ^  24,000  lb.,  tension 


\iaBB*  fat  right  end), 
3 


48,000  -  -%™  X  13.&  =  -  124,mK>  lb.,  corapressioa 


18.  FlxtHl  v.wiX  Posts* — In  the  preceding:  discussion,  it 
was  assumed  that  the  end  posts  were  hinged  at  the  bottom, 
or  free  to  turn.  When  Ihey  simply  rest  on  pedestals^  this  is 
very  near  the  actual  case,  and  the  bending  moment  at  the 
lower  joint  is  zero.     When  they  are  firmly  riveted  at  their 

lower  ends  to  floorbeams  or  cross-braces  of  considerable 
depth,  they  offer  some  resistat^ce  lo  bending  at  these  points, 
and  tliis  bending^  is  opposite  in  direction  to  that  at  the  lower 
connection  of  the  portal.  ^ 
Then  there  is  a  point  of  T  | 
inflection  somewhere  be- 
tween the  bottom  of  the 
end  post  and  the  portal,  the 
actual  location  of  which  de- 
pends on  the  nature  of  the 
top  and  bottom  connec- 
tions. For  all  ordinary 
cases,  in  a  well^designed 
bridge,  if  the  end  posts  are 
fixed  at  top  and  boiiotn,  tlie 
point  of  inflection  will  be 
about  midway  between  the 
lower  joint  and  the.  lower  line  of  the  portal;  to  allow  for 
lack  of  sufficient  rigidity  at  the  lower  joint,  it  is  well 
to  consider  the  point  of  inflection  never  higrher  than  one- 
half    the   distance   from   the   lower   joint   to   the   lower  line 

if  the  portaU  The  actual  location  of  the  point  of  inflec- 
tion may  be  found  for  each  case,  but  as  its  determination 
involves  the  use  of  advanced  mathematics,  it  will  not  be 
given  here. 


Fug. 
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As  the  bending  moment  at  the  points  of  inflection  is  zero, 
the  only  stresses  in  the  end  posts  at  those  points  are  the 
direct  stresses  and  shears,  the  V  and  X  components.  In 
Fig.  11,  let  z  and  ?'  represent  these  points  at  a  distance  //' 
from  the  top  of  the  portal.  Then,  if  moments  are  taken 
about  z  and  /',  it  will  be  found  that 

y  =  />^-  =  y;  also,  A-  =  ^- 

As  these  are  the  same  as  though  the  end  posts  were  sup- 
ported at  the  points  /  and  /',  the  stresses  in  the  portals  may 
be  found  by  means  of  the  formulas  already  deduced,  substi- 
tuting for  ^,  in  each  case,  the  distance  //'.  It  is  clear  that  the 
stresses  in  the  end  posts  and  portal  are  decreased  by  fixing 
the  end  posts  at  the  bottom. 

Example. — In  Fig.  4  {d),  suppose  that  the  wind  pressure  and 
dimensions  are  the  same  as  given  in  the  example  in  Art.  IT.  What 
are  the  wind  stresses  in  the  end  posts  and  members  of  the  portal, 
assuming  that  the  point  of  inflection  is  located  one-third  of  the  dis- 
tance from  C  to  If;  that  is,  8  feet  above  C  and  C.  so  that  A'  =  24  feet? 

Solution. — The  stresses  will  be  found  by  the  formulas  given  in 
Fig.  10  (A),  substituting  //  for  //.  Then,  the  direct  stresses  in  the  end 
posts  are 

-  =  —'  "     =  S2.(XX) lb.,  tension  in /i  Cand  compression  in  ^'C 


The  shear  in  £>  C  and  B'  C  is 
P    _  24.0(K) 
'1     ~       2 

The  moment  at  B  and  IV  is 


=  l*i.O(X)  lb.  , 


f^'  {//'  -  d)=  12.(X)0  X  ItJ  =  192,000  ft. -lb. 
The  stress  in  each  web  member  is 

Ph'  I       24.000  X  24  X  VO' +■  8"        ^  ,vvmu 
nbd  (i  X  IS  X  H 

tension  in  those  members  that  slope  upwards  to  the  right  and  com- 
pression in  the  others. 
The  stress  in  A  A'  is 

Ph'       P      Ph' X  _  2-1  .(KX)  X  24  24.000  X  24  X  jt 

2^""^  2  bd     ~~         2XS        +1-'^'^*  8x18 

=  48,000  -  4.(XK).r 
At  the  left  end.  x  ~  l.o,  and  the  stress  is 

48,000  -  4,000  X  l.">  =  42.000  lb.,  compression 
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=  3e, 000 -4,000  J- 


I    At  the  light  end,  ^  =  1^.5,  and  the  stress  Is 
4a,(XX>  -  4,000  X  16.5  =  ^  18,000  lb.,  leosion 
The  stress  in  B  B^  is 
Ph'  _Pk'x  ^  54,000  X  24  _  24.000  X  24  X  -r 
2d  bd  '  J  X8  "  8X  IS 

Al  the  left  end,  x  =  1.5,  and  the  stress  is 
:«i.000  -  4,00()  X  l.r>  -  :iO,<100  lb.,  tension 
At  the  right  eiid^  Jt  =  Iti./i,  and  the  stress  is 
36.000  -  4,(X)0  X  1«..^  =  -  :«),t)00  lb.,  cmnpression 
It  will  be  seen  that  in  thi:%  example  all    the  stre?^Kes  eie   less  than 
those  fgutifl  in  the  example  in  Art.  17,  except  the  shear  in  the  end 
^^pusts,  which  is  the  same, 


19.     wind  Krrects  on  tho  Main  TriiSK. — The  Kcom- 

ponents  of  the  stresses  in  the  end  posts  act  directly  along 
the  members,  and  tntist  be  combitied  with  the  dead-  and  live- 
load  stresses,  in  order  to  gel  the  maximum  stresses.  On  the 
leeward  side,  the  compression  due  to  the  wind  must  be  added 
to  the  dead-  and  live-load  compression  to  get  the  maximum; 
on  the  windward  side,  the  tension  due  to  the  wind  must  he 
sublructed  from  the  dead-  and  live-load  compression,  or 
probably  from  the  dead-load  compression,  in  get  the  min- 
irnum  stress.  The  latter  ii^  of  interest  only  when  the  tension 
due  to  wind  is  greater  than  the  dead-load  compression,  in 
which  case  the  truss  must  be  well  bolted  down  to  resist  over- 
turning. The  direct  stress  in  an  in- 
clined end  post  due  to  the  wind  causes 
a  stress  in  the  lower  chord,  as  shown  in 
Fig.  12.  If  )'  is  the  direct  wind  stress 
in  the  end  post,  then  i'  cos  //  is  the 
wind  stress  in  the  lower  chord,  due  to  f"'"*-  I'-i 

that  in  the  end  postj  and  it  is  constant  from  end  to  end, 
being  tension  on  the  leeward  side,  and  compression  on  the 
windward. 

The  total  wind  effects  on  the  chords  of  the  main  trusses 
are  as  follows: 

Ti>p  C/icre/s, ^Slresse^  due  to  their  positions  as  chord 
members  of  the  upper  lateral  truss,  and  stresses  caused  by 
the  increase  or  decrease  in  the  vertical  load  due  to  the  over- 
turning eSect. 


YcoaH 
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IMiam  Chardt.  -  Stresses  due  to  tbcir  imm'^mmi  as  cwc^ 
tnembers  of  the  lower  lateral  tross,  stresses  caKsed  br  xae 
increase  or  decrease  in  the  vertical  loads  die  sd  dK  ow- 
ttunins:  effect,  and  stresses  due  to  the  direct  wad  sULUuii 
the  inclined  end  posu. 

20.  Mwnjr  rr»m««. — In  a  deck  bridee,  the  vsadpresoR 

that  conies  to  the  upper  lateral  system  is  tms^anDd  id  Ae 
abotments  or  stspports  by  bracing  in  the  planes  of  Ae  ead 

posts,  similar  to  liwE  Ao«s  it 
Fig.  13.  The  two  transTerse 
members  A  A'  and  BB^^  tDccAtf_ 
with  the  dias^onals  A  B^  and  jfB, 
are  usually  called  a  s^vaijr  flknMe* 
The  diagonals  are  assumed  to  ie> 
sist  tension  only;  so,  if  the  viid 
comes  from  the  left,  the  menber 
A'  B  will  be  in  action. 
The  reactions  at  B  and  ff^  dne  to 

the  equations  of  equilibrium.   Taking  moments  abont^and  J', 

K=  P\,  and  K'=/^  =  Y 
b  b 

In  rcjjard  to  the  X  component  of  the  reactions,  it  is  evident 
that  there  ih  some  at  ti  and  some  at  B'\  but,  as  the  point  of 
overlurninj;  is  at  /V',  it  is  safe  to  assume  X'  =  P  and  A'  =  0. 
Then,  the  stresses  in  the  members  are  as  follows: 
Mkmhkk  Stress 

A  A'  /^  compression 

//'  /?  P  sec  H,  tension 

A IV  0 

A'  IV  P    ,  compression 

AP  0 

P IV  Py  compression 

21.  I  )cck  aii<l  throufifh  l>ridg:es  are  given  additional  lat- 
eral stiffness  by  means  of  vertical  transverse  or  sway  frames 
at  every  panel  point  or  at  every  other  panel  point.  In  the 
through  bridge,  these  are  of  the  same  general  form  as  the 
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portals  already  discussed;  they  are  made  as  deep  as  condi- 
tions  will  allow.     In   the   deck   bridgfe,  they  are   made  the 
same  depth  as  the  inisses.     As  the  upper  and  lower  lateral 
.   trusses,  together  with  the  bracing  in  the  places  of  the  end 
:      posts,  form  a  complete  system  for  transmitting  lateral  forces 
Bto  the  supports,  it  h  impossible  to  tell  how  much  load  comes 
"on   these  intermediate   frames.     The  stresses  in   them   arc 
usually  found  in  the  same  way  as  in  the  end  sway  frames 
and  portals  already  described,  on  the  assumption  that  they 
are  supported  at  the  bottom  chord,  the  load  at  the  top  joint 
being:  taken  equal  to  one-half  a  top  panel  load.     This  simply 
affords  a  basis  for  design,  and  is  not  intended  to  relieve  the 
wind  pressure  on  the  upper  lateral  trass. 

I  Example.— hi  Figv  13.  let  A  -  2o  feet  aad  b  =  IH  feet.     If  the  wind 

^fcpreHSure  Pis  equal  to  20,1)0(1  pounds  comiag  from  the  left,  what  are 
Hfthe  stresses  in  A  .^',  A'  B,  and  />/?'? 


Solution.— The  stress  m  A  A'  \s  P  —  20,000  lb.,  compresston;  the 
stress  m  A*  B  {^ 


^25'  +  18* 
/*&ec  //  =  20.a-KlX  -      j^     -  =  3-t.200  lb.,  tension; 

id  the  Mress  in  B B'  is  /■*  =  20, (XK)  lb.,  compression.     Also,  the  com' 
pressioQ  in  A*  B*  is 

p\  =  20.000  X  f«  =  27,800  lb.     Ans. 
0  IS 


KXAMl»i*KS    FOR    PRACTICE 

1,  In  the  i>onal  represented  in  Fig-  \  (a),  if  A  =  32  feet,  A  =  Ifl 
feet,  and  P=  35,000  poitntis  coming  from  the  left,  what  is  the  *lirect 
stress  io  B  C,  assuming  the  end  posts  to  be  hinjjed  at  the  bottom' 

^ADs.  40,000  1b,.  tension 
■ 


2.     [f  the  diraetisiofls  ntid  wind  pressure  are  the  same  as  in  the  pre- 
sdJQg  viarupJe,  and  d  =  -^  fttl,  what  is  the  stress  in  /j'/j"? 

Atis.  80,000  lb.,  compression 


3,  If  the  iliraensions  and  wind  pressure  on  tiie  portal  shown  in 
Fig.  4  [t)  are  the  same  as  described  in  examples  1  and  2»  what  is  the 
stress  in  the  first  panel  at  the  left  end  u[  A  A*f 

Ans.  7(i.700  Ih,,  compression 

I  4.  In  Ihe  portal  shown  in  Fig,  4  \d)^  if  h  =  24  feet,  i  =  18  feet, 
rf  e»  8  feet,  //  =  «i  (eu-t.  anrl  P  =  12,000  pounds,  coming  from  tlie 
right,  what  is  tbe  stress  in  BO}  Ans.  30*000  lb,,  compressiuo 
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CENTRIFUGAL    FORCE 

22,  Value  of  CentrtfuKul  Force. — When  the  track  that 
crosses  a  bridge  is  curved,  the  cars  tend  to  move  along  the 
tangent,  thereby  exerting  a  lateral  thrust,  the  amount  of 
which  can  be  found  from  the  formula  for  centrifugal  force 
given  in  Kinematics  and  Kinetics;  namely, 

gr 

In  the  present  case,  W\%  the  weight  of  the  train,  in  pounds 

per  linear  foot;  v^  the  velocity  of  the  train,  in  feet  per  second; 

«r,  the  acceleration  due  to  gravity;  r,  the  radius  of  the  curve, 

in  feet;  and  /s  the  value  of  the  centrifugal  force,  in  potmds 

per  linear  foot.     In  practice,  it  is  customary  to  express  the 

speed  of  the  train  in  miles  per  hour,  and  the  degree  of  curve 

in  degrees.     If  /'represents  the  speed  in  miles  per  hour, 

then  5,280  /'  ,     ,  , 

^  =  ^      1:7.  feet  per  second 
60  X  60  ^ 

If  D  represents  the  degree  of  curve,  the  radius  r  is  approxi- 
mately  equal  to  '  '  '  feet.  Substituting  these  values  in 
the  formula  for  /■",  we  get 


\60  X  60/ 


F  =   -         ""  ^  ^""'  -  =  .00001 167  V  D  IV 

The  value  of  the  centrifugal  force  is  sometimes  given  as  a 
i:)ercentage  of  the  live  load.  F'or  instance,  for  a  speed  of 
'>()  miles  per  hour  on  a  curve  of  2*^,  the  centrifugal  force  is 

.00001 1()7  X  ">0^  X  2  x  IV  =  .0584  \V\ 
that   is.   5. 84   per  cent,   of   the   live   load.     If.   in   this  case. 
M'  is  4,000  pounds  per  linear  foot,  and  F  is  4,000  X  .0584 
=  234  pounds. 

23.  Distribution  of  Load. — The  track  on  a  curve  is 
subject  to  the  action  of  the  weigrht  and  centrifugal  force  of 
tlie  train.  In  practice,  it  is  customary  to  make  the  outer  rail 
on  a  curve  higher  than  the  inner  rail,  by  an  amount  sufficient 
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to  cause  the  resultant  of  the  weight  nnd  centrifuga!  force  to 
be  perpemliciilar  to  the  plane  of  the  track  half  way  between 

^■the  rails.  Under  this  condition,  the  loads  that  come  on  the 
rails  are  equal;  but,  as  the  track  is  curved,  and,  therefore, 
not  the  same  distance  from  the  trusi^es  at  every  point,  the 

Kloads  at  the  panel  points  are  not  equal.  Fig.  14  represents 
the  cross-section  of  a  through  bridge  haviiisj  the  width  /'.  and 
shows  the  center  line  rr'  of  the  bridge;  the  surface  7"  7*'  of 

Kthe  track;  the  plane  a  a'  o(  the  lower  lateral  truss;  the  line 

™  of  action,  perpendicular  to  7" 7*',  of  the  resultant  Q  of  the 
weight  and  the  centrifugal  force;  and  the  intersections/>  xiud  (/, 
respectively*  of  the  line  of  action  of  Q  with  T'Z''  and  ^a\ 

IThe  inclination  of   TT^  is  much  exaggerated  to   meke   the 
explanation  clearer. 
If  Q  is  resolved  at  g  into  its  vertical  and  horizontal  com- 
ponents fi^and  F,  respectively,  the  force  /%  being  horizontal, 
will  be  resisted  directly  by  the  lower  lateral  truss,  and  IV 
Bwill  be  resisted  by  the  vertical  trusses.     If  e^  is  the  distance 
"  of  ^  from  the  cenier  line  of  the  bridge,  the  amount  of  IV 
that  goes  to  the  outside  truss  is 


IV 


(^^) 


^  0 


^and  the  amount  that  g-oes  to  the  inside  truss  fa 
6 


<-^) 


or 


2  d 


24,  Eccentpfelty  of  Track. — The  distance  f,  Fig.  14, 
from  the  center  line  of  the  track  to  the  center  line  of  the 
bridge  Is  called  the  e*.'ff*titrlclty  of  the  track.  The  eccen- 
tricity varies  along  the  bridge,  as  shown  in  Fig.  15,  in  which 
Z,  >^/  is  the  center  line  of  the  bridge;  ADC,  the  center  line 
of  the  curved  track;  anfl  A  B'  C  the  chord  to  the  curve  between 
the  ends  of  the  bridge.  B  B'  being  the  middle  ordinate.  The 
values  of  the  eccentricity  for  the  different  panel  points  can 
computed  from  the  curve  of  the  track;  Ihey  maybe  called 
f*,f.,  etc.     The  distance  c',  Fig.  14,  is  the  sum  of  €  and  ^\ 
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the  latter  being  the  horizontal  distance  from  p,  the  intersec- 
tion of  Q  with  the  surface  of  the  track,  to  q,  its  intersection 
with  the  plane  of  the  lower  lateral  tniss. 

In  Fig.  14,  let ^jp^  represent  the  gauge  of  the  track;  ^^f,  the 
superelevation  of  the  onter  rail;  and/ £7,  the  vertical  distance 
from  the  point  p  to  the  plane  of  the  lower  lateral  truss.  Mi'hich 
will  be  assumed  horizontal.    Then,  as  the  two  triangleg  g^'  f 

and  gpa  are  similar*  we 
have  the  following  pro- 
portioa: 

op       'V 
whence 


\ 


go 


=  opx  f-^  = 


ffFor  all  practical  pur- 
poses. /^'  may  be  taken  i 
eqnal  to  ^jr'l  letting; 
^/  =  £,  gg^  =  G,  andi 
po  ^  hxi  and  substitu-' 
ting  these  values  in  the 
foregoing  equation,  we 
obtain 

The  value  of  e"  is  the 
same  at  every  point  of 
the  track. 

In  Fig.  15,  the  dotted 
curve  g'  g"  shows  the 
points  of  intersection  of 
the  resultant  for  the 

whole  train  with  the  plane  of  the  lower  lateral  truss.     At 

the  fioorbeam  dd\  it  lies  inside  the  center  line  of  the  bridge; 

then  the  amount  of  vertical  load  that  goes  to  the  outside 

truss  at  this  panel  point  is 


STRESSES  IN  BRIDGE  TRUSSES 


37 


and  the  amount  that  goes  to  the  inside 


truss  IS 


s 


For  spans  shorter  than  about  75  feet, 
it  is  customary  to  make  the  distance  B  B'\ 
Fig.  15,  from  the  center  Hne  of  the  track 
to  the  center  line  of  the  bridge,  from  one- 
half  to  one-third  the  middle  ordinate  B B\ 
and  to  assume  that  each  girder  carries 
one-half  the  vertical  load,  the  same  as 
for  a  bridge  on  a  straight  track.  For 
longer  spans,  it  is  customary  to  find  first 
the  panel  loads  as  though  the  track  were 
straight,  and  then  increase  or  decrease 
them  according  to  the  location  of  the 
center  line  of  the  track  at  each  floorbeam. 

25*  r^ateral  Bracing^, — In  a  through 
bridge,  the  centrifugal  force  is  trans- 
mitted to  the  lower  lateral  truss  y>y  the 
floor,  and  the  stresses  in  the  members  are 
found  in  the  same  way  as  those  due  to 
wind.  In  a  deck  bridge,  the  centrifugal 
force  is  transmitted  by  the  floor  to  the 
upper  lateral  truss,  and  by  it  to  the  sway 
frames;  the  stresses  in  the  members  are 
found  in  the  same  way  as  those  due  to 
wind.  Centrifugal  force  causes  stresses 
in  but  one  set  of  diagonals,  as  it  acts  in 
but  one  direction. 

Example. — A  train  of  cars  weighing  5,000 
pounds  per  linear  foot,  moving  over  a  curve  of 
3'^  at  the  rate  of  40  miles  per  hour,  crosses  an 
eight'panel  through  bridge  having  a  span  of 
160  feet  and  a  width  of  20  feet.  If  the  outer  rail 
is  elevated  .J^KTi  ft.^  and  Ihe  ceuter  line  of  the 
bridge  is  located  two-thirds  of  the  middle 
ordinate  from  the  chord  to  the  cur\^e  {B  B" 
^  \  BB',  Fig.  15} »  what  is:  (o)  the  panel  load 
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for  the  lower  lateral  truss  caused  by  the  ceatrifugal  force;  (4)  the  cor- 
rection to  be  applied  at  each  panel  point  of  the  outside  truss  due  to  tiie 
eccentricity?  Assume  that  the  distance  from  i he  surface  of  the  track 
to  the  lower  lateral  truss  is  4  £eet,  and  that  the  gauge  ol  the  track  is 
4.71  feet. 

Solution— (ff)  F=  .00001167X40X40X3X^^.000=  ,050X5,000 
=  280  lb.  per  lin.  (t. 

The  panel  load  for  the  lateral  truss  is  2H0  X  20  =  5,ti00  lb.     Aas. 

[6)  The  perpendicular  distance  from  the  center  of  the  curve 
(^  =  1,910.0S)  to  the  chord  (length  =  KiO  ft.]  is  equal  to  1.90H.40ft. 
Then,  the  middle  ordiDate  is  1,!U0  08  ^  1.1)1>K.40  =  \M  ft.  The  ordi- 
nates  r,,  ^>i  and  e^  at  Che  other  panel  points,  from  the  chord  to  the 
curve  are  as  follows: 

Point  b,        e,  =  VlTOltUJS'^^fKl'  -  1,WH.40  ^  .74  ft. 

Point  t,         ti  =  VMIOTOM'"-  40*  -  1.?)OK.40  -  1.26  ft. 

Point  rf,        f.  =  VlTsToToS^'^rso'  "  l.tM}H,40  =  IM  ft. 

The  center  line  of  the  bridge  is  two-thii'ds  the  middle  ordinate,  or 
1. 11'  feet,  from  the  chord;  then,  the  distances  *■  from  the  center  line  of 
the  bridge  to  the  curve  are  im  follows: 

Point  A,  ff  =-     .74  -  1.12  =   -  ,38  ft.  

Point  c,  tf  =  l.ai  -  1.12  =       .14  ft. 

Point  d,  e  ^  1.58  -  1.12  ^       .46  ft. 

Point  e,  e  =  \M  -  1.12  =       M  ft. 

The  distance  ^'  from  the  center  line  of  the  track  to  the  line  of  inter- 

liection  of  the  resultant  with  the  plane  of  the  lateral  system  is  equal  to 

4 


4 


\ 


4.71 


X  .265  =  ,22  ft. 


and  to  find  the  distances  -?',  it  is  simply  necessary  to  add  this  distajice 
to  the  values  of  €  just  found;  they  are  as  follows; 
Point  *,  <?'  =  -  .38  +  .L>2  =  -  Jti  fl. 

Point  f,  i-'  =  +  ,14  +  .22  -^  +  .36  ft. 

Point  d,  ^  =  +  .46  +  -22  =  +  .68  ft. 

Point  e,  ^  =  +  ,50  +  .22  ^  +  .78  ft. 

Then,  the  correctioas  at  the  panel  points  are  as  follows: 

-  .16 
20 
M 


Point  *. 


W'  =  {.^,000X20)X 
Potm  c,  W  =  (.=i»000  X  20)  X 

Point  rf,  W  ^  (.5,000  X  20)  X 

Point  e,  iV  =  (6,000  X  20J  X 


-     800  Ih, 


20 

m 

20 
20 


=  +1,800  lb. 

-  +n,400  lb. 
=  +3,900  lb. 
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I 


t:xamples  foe  practice 

1.  A  raflroad  train  weighing  5,000  pownds  per  lintar  foot  ia 
moving  at  the  rate  of  50  rniles  an  hour  on  a  2''  gurve^  and  crosses  a 
tea-panel  through  bridge  having  a  span  length  of  20(1  feet.  What 
is  the  paael  load  for  the  lower  lateral  truss  due  to  the  centrifujjal 
force?  Ans.  5,aH5  lb, 

2«  A  railroad  train  weighing  4,500  pounds  per  linear  toryt  is 
raoviTig  at  the  rate  of  BO  miles  an  hour  on  a  3°  curve,  and  crosses 
a  twelve-panel  bridge  having  a  span  IcuKth  of  ISO  feet*  What  is  the 
panel  load  fur  the  lower  lateral  truss  due  tu  the  centrifugal  force? 

Ans.  iit60:ib. 

SKEW   BRlD<iES 

26*  Description. — In  all  that  precedes^  it  has  been 
assumed  that  the  trusses  were  symtnetrical  about  the  center, 
and  that  the  line  connecting  the  end  joints  over  the  supports 
was  at  right  angles  to  the  center  line  of  the  bridge.  It  fre- 
quently happens,  however,  that  the  center  line  is  not  at  right 
angles  to  the  abutments  or  piers,  in  which  case  the  line  con- 
necting the  ends  of  the  trusses  is  not  at  right  angles  to  the 
center  line.  Such  bridges  are  tertned  skew  bfUl^e$,  and 
give  rise  to  conditions  that  require  separate  consideration. 


Pig.  Irt 
27.     Ske'CT'  Crosslnprs,— In   locating  a  new  line,  either 
for  a    highway   or    for  a   railroad,   it   is   sought,   as   far   as 
lossible,  so  to  arrange  the  aliuement  that  all  bridge  cross- 
ings shall  l>e  at  right  angle^^  to  the  obstacle,  usually  either  a 
road  or  a  stream,  to  be  crossed,  aa  shown  iu  Fig.  16  (a); 
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such  a  crossing  is  economical  because  it  is  shorter  than  any 
other.  Local  conditions  and  the  topography  of  the  country 
occasionally  render  this  impossiblet  and  the  line  crosses  at 
an  angle  other  than  90*^.  If  the  angle  is  only  slightly  less, 
as  shown  in  Fig.  16  (i>),  the  piers  and  abutments  may  be 
placed  at  right  angles  to  the  center  line  of  the  bridge;  if 
much  less,  this  plan  may  seriously  interfere  with  the  water- 
way or  other  clearance  required»  and  increase  the  length 
of  the  bridge,  as  shown  by  the  dotted  lines  in  Fig.  16  (c). 
In  such  a  case,  the  piers  and  abutments  may  be  placed 
parallel  to  the  stream  or  road,  thereby  making  the  same 
angle  as  the  latter  with  the  center  line  of  the  bridge.  In 
eliminating  skew  grade  crossings  of  two  existing  roads,  it  is 
frequently  impossible  to  change  the  alinement  of  either  and 
inadvisable  to  increase  the  length  of  the  bridge  by  placing 
the  abutments  at  right  angles  to  the  center  line,  in  which 
case  the  latter  may  be  placed  parallel  to  the  lower  road,  and 
the  bridge  built  on  a  skew. 

28,     Arrangement   of    Panels,   Floor,    and    lateral 

System.— Near  the  ends  of  a  skew  bridge,  the  panel  lengths 
are,  in  some  cases,  not  equal  to  those  near  the  center.  This 
is  due  to  the  fact  that  the  floorbeams  are  placed  at  right 
angles  to  the  center  line,  and  are  spaced  the  same  distance 
apart  near  the  center  of  the  bridgCj  bringing  the  panel  points 
of  the  two  trusses  directly  opposite;  the  amount  of  eke-wr  ( that 
is,  the  distance,  measured  along  the  center  line,  that  one  truss 
is  ahead  of  the  other)  is  made  up  Id  the  end  panels.  The 
arrangement  of  the  panels  and  of  the  floor  and  lateral  system 
depends  to  a  great  extent  on  the  distance  center  to  center 
of  the  trusses  and  on  the  angle  of  skew,  each  case  requiring 
separate  treatment.  The  general  method  will  be  illustrated 
by  considering  a  special  case. 

In  Fig.  17t  (a)  is  the  top  view;  (6),  the  side  elevation  of 
one  truss;  and  (r),  the  lower  lateral  bracing  of  a  skew 
bridge;  the  span  of  the  bridge  is  equal  to  /,  the  perpen- 
dicular distance  from  center  to  center  of  the  trusses  is  h, 
the   angle  between  the  center  line  of  the  bridge  and  the 


■ 
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abutments  is  H^  an^  the  height  of  trusses  is  /*,  In  this 
particular  case^  the  an^le  B  of  skew  is  about  45^,  autl 
the  amount  of  skew  j,  or  ^cot/?.  is  very  nearly  ctiual 
to  the  panel  length.  Therefore,  the  hip  vertical  at  one 
end  of  each  truss  may  be  located  directly  opjiosite  the 
end  joint  of  the  other^  making  the  end  panels  ft-'  untl  /<••. 
Fig.  17  {c)v  equal  to  s.  In  order  that  the  end  posts  may 
have  the  same  slope,  it  will  be  well  to  make  the  end 
panels  a'  g*  and  ag  at  the  other  ends  of  the  trusses  eqiml 


Fio,  17 

also  to  i;  then,  as  the  floorbeams  are  at  right  anffles  to  the 
trusses,  c  and  ^  are,  respectively,  opposite^  and^«  and  tho 
panels  ^f'r'  and  ^c  are  also  e^oal  lo  t.  For  the  «akc  of  uni- 
formity, each  of  these  panel  lenjflh»,  ahhottsfh  equal  to  #. 
will  be  called  f/.  For  each  tni%x  then,  there  arc  three 
equal  panels  ^;  the  remaining  length.  (  —  Zp^,  inclt»ded  hi 
the  area  £*gcg*.  Fig.  17  it),  may  be  divided  into  a  number 
of  eqttal  panels— ^Jn  this  ca»e.  five, 

29*     Punel    \jomJlM    aad     ntcacttonn.  —  An    the    poocl 
lengths  are  different,  the  |>aoe]  IomLi  will  be  diifereat;  tboM 
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from  g  to  r,  Fig.  17  {b),  are  found  by  niuUipJyinff  the  load 
per  linear  foot  for  one  truss  by  one-half  the  sum  of  the 
lengths  of  the  adjacent  panels.  The  panel  load  at  <  is 
greatest  when  the  truss  is  loaded  from  c  to  /.  and  is  then 
equa^  to  one-quarter  ihe  load  in  the  area  eg'  a*  e,  plus  the 
amount  that  comes  from  the  triangular  areaa'^'A  Fig.  17  {c). 
If  the  load  is  w  pounds  per  square  foot*  uniformly  dis- 
tributed, the  total  load  in  the  area  eg*  a^e  is  wbp\  and  the 

4     ' 


amount  of  this  that  goes  to  e  is 


As  the  area  of  the 


To 


that  one-third  of  ^^^ 


,  goes  to  c.    The  panel  load 


triangle  a'  £f  is  -^»  the  total  load  in  this  area  is  — -^. 

find  what  portion  of  this  goes  to  ^,  it  is  well  to  consider  it 
concentrated  at  the  center  of  gravity  of  the  triangle  a*ef,  at 
a  distance  from  a'  i  equal  to  one-third  the  distance  from  € 
to  a' {.     Then»  taking  moments  about  the  line  «'/.  we  find 

wbj/ 
2    '  6 

at  e  is,  then, 

wbp*  ,   w  bp'  _  b7v  b  p^ 
4  6"       12 

In  a  railroad  bridge,  the  live  load  is  usually  given  as 
uniform  amount  z^"  per  linear  foot  of  track,  and  it  is  suffi- 
ciently accurate  to  assume  the  load  in  the  end  panel  equal  to 
the  load  per  linear  foot  multiplied  by  the  distance,  measured 
along  the  center  line  of  the  bridge,  from  the  end  floor- 
beam  flV,  Fig.  17  (r),  to  the  abutment.     As  this  distance 

is  -'t  the  load  is  — ^— ;  one-half  of  this,  or  — p-,  goes  to  the 

A  A  4 


end  floorbeam,  and  one-half  of  this  portion,  or 


t^y 


to  e. 


As  the  panel  lengths  are  unequal,  they  cannot  be  used  as 
a  unit  in  calculating  reactions  and  bending  moments,  as 
heretofore. 


30.     LoTver   I.ateral   Ti-iiks. — The  floorbeams  a  ^  sim 
a'r.   Fig.  17   (t),    rest    on    the    masonry,  or   are   connected 
to    the    trusses    at    a    and  a\   respectively,   and   it  may  be 
assumed  that  the  lower  lateral  truss  is  composed  of  seven 
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mnels  wtth  a  span  etiual  to  i  —  p* ,  When  the  wind  is  blow- 
tg  in  the  direction  shown,  the  diagonal  ac*  transmits  the* 
"■fiSliRSSure  directly  to  the  support  at  a^  and  g^ ^  to  the  end  of 
ibtf  floorheani  fa\  which  transmits  the  load  that  comes 
from  g*  e^  and  the  wind  panel  load  at  c,  to  the  support.  As 
the  panel  lengths  are  unequal,  the  wind  and  centrifugal  panel 
loads  will  be  unequal, 

3li     t'liiiei"   Liitornl  Truss* — In  the  upper  lateral  sys- 
tem, the  transverse  struts  O  G  and  C G\  Pig.  17  (a),  connect 

the  hip  joint  of  one  truss  with  the  opposite  joint  of  the  other, 
and  may  be  looked  on  as  the  limit  of  the  upper  lateral  truss* 
which  will  then  have  ^w^  panels  with  a  span  equal  to  /  —  Zpf. 
When  the  wind  is  blowings  in  the  direction  shown ^  the  diag- 
onal it  J*  transmits  the  pressure  to  the  portal  at  G^  and  PC 
to  the  strut  CO  at  C  which  transmits  it,  together  with  the 
wind  panel  load  at  C  to  the  portal  at  G\ 


i" 


32.  skew  Portal, — The  portal  of  a  skew  bridge  is 
called  a  skew  portal.  In  Fig.  IT  («),  the  upper  line  G H* 
G*  E  Ksi  the  portal  lies  in  the  plane  of  the  upper  lateral 
t^tlss^  and  connects  the  upper  joints  of  the  end  posts;  it  is 
horizontaU  and  makes  the  same  angle  B  as  the  abutments 
with  the  center  line  of  bridge.  Each  portal  lies  in  a  plane 
that  passes  through  both  end  posts,  the  lower  line  being 
parallel  to  the  upper  line  of  the  portal;  the  plane  at  the  left 
end  intersects  the  plane  of  the  lower  lateral  bracing  in  the 
line  tii\  which  is  horiaontaL  The  portal  is  shown  revolved 
about  the  line  d/'  into  the  plane  of  the  paper  and  in  an 
upright  position  in  Fig*  IS.  The  general  methods  that  have 
been  described  for  finding  the  stresses  in  portals  may  be 
applied  in  this  case;  as  the  calculation  is  somewhat  compli- 
^■cated  on  account  of  the  several  angles  involved,  the  formulas 
^  for  the  skew  portal  will  now  be  founds  considering  the  left 
portal  and  assuming  the  wind  blowing  in  the  direction 
shown.  The  wind  pressure  that  is  to  be  resisted  by  the 
portal  is  the  amount  transmitted  to  joint  C7.  Fig,  17  (*j).  by 
the  diagonal  G  J\  pins  the  wind  panel  loads  at  G^  C\  and  A^. 
If  the  force  acting  at  G  at  right  £tngles  to  the  upper  chord 
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(parallel  to  the  direction  of  the  wind),  due  to  the  tension 
in  GJ^  and  the  wind  panel  loads  at  G  and  C,  is  denoted 
by  P^  the  force  Py  \\\  the  direction  G  E*  is  equal  to  P  esc  B\ 
if  the  wind  panel  load  at  E'  is  P\  then  the  force  /*/  in  the 
direction  G  E'  is  equal  to  P*  esc  B^  as   shown  tn   Fig.  18. 


^-^ 


The  reactions  at  a  and  /',  resolved  into  components  parallel 
and  perpendicular,  respectively,  to  the  line  of  action  of 
P^  and  P,\  are  X  and  A'',  Y  and  ¥'.     Then, 

/-.  +  P/  =  ^  +  X\ 
and,  as  X  and  A""^  may  be  assumed  equal, 

A  +  /^/ 
2 


AT  =  A^'  = 


Also, 


y=y 


b'  =  b  CSC  /?;  A^  —  ^,  sin  Z  =  ^  esc  //sin  Z 
The  customary  method  of  finding  the  stresses  in  the  web 
members  is  to  consider  the  portal  cut  by  a  plane,  such  as  QR, 
Fig.  18,  at  right  angles  to  the  flanges^  and  assume  that  the 
shear  on  the  plane  is  evenly  distributed  among  the  web 
members  cut  by   it.     If  there  are  n  members  cut   by   the 

plane,  the  Y  component  in  each  member  is 

case,  (P,  +  /*/)  —L;   and  the  stress  in  the  member  is  — 
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multiplied  by  the  cosecant  of  the  angle  bewcen  the  web 
member  and  the  flanges. 

■  The  stresses  iu  the  flanges  may  be  found  approximately  In 
the  same  way  as  in  Art,  IJi;  that  is,  by  considering  the 
portal  cut  by  a  plane  at  right  anj^lea  to  the  flanges,  treating 
ihe  portion  on  one  side  of  the  plane  as  a  free  body^  and 
applying  the  equation  1' Af  =  0  to  this  portion,  neglecting 
^pthe  effect  of  the  web.  In  Fig,  18^  let  Q /^  be  at  a  distance  jc 
from  £"',  and  assume  that  Ihe  stress  in  C/T'  is  compression, 

»and  in  A^O  tension.  Then,  applying  the  equation  1'  A/  =  0 
to  the  portion  of  the  portal  on  the  left  of  QJ?,  the  stresses 
in  GE^  and  //O  are  as  follows: 

■  in  G£\ 
r-(..f.)-^U,-^)-/-/^^  compression;        ■ 

inA^O,  ^'^^^-J'^'^  tension 

d 

■     The  value  of  r  is  found  by  the  equation 
r  —  ht_  cos  L 
In  case  the  numerical  values  of  these  stresses  come  out 
negative,  they  are  opposite  in  character  to  the  stresses  just 
given;  that  is,  the  stress  in  G E^  will  be  tension,  and  in  NO 
H  compression. 

In   order   to  find   the   stresses    in   the   end   posts  below 

the   portal »   it   is    necessary    to    compute    the   components 

B  X\  and  X,\    F.   and    K/  of   X  and  X\    V  and   K',  in  the 

direction  of,  and  at  right  angles  to,  the  end  posts.     Letting 

L    represent    the    angle    E^  /^  at    the    components    are    as 

K  follows: 

'      at  f\ 

AV  -  X'  sin  L^  yf  cos  L;   V/  =   K'  sin  L  +  X'  cos  L; 
and  at  a^ 

A'  =  -V  sin  A  +  r  cos  A:   K,  =   V  sin  L  -  X  cos  L 
Then,  the  stresses  in  the  end  posts  are  as  follows: 
The  stress  in  /'^  is  K/,  compression. 
The  shear  in  /' f7  is  A?. 

The  moment  at  O'  is  X/  [(^,  —  d  —  ^J  csc  L} 
The  stress  in  a  N'  is  K,,  tension. 
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The  shear  in  a  N^  is  A',. 

The  moment  at  A''  is  A',  \^[ft,  — d  ~  d,)  esc  L], 
To  find  the  value  of  the  angle  /,  in  terms  of  quantities 
that  are  knowti^  it  is  well  to  consider  Fig,  19,  which  is  a 
perspective  drawing:  of  the  bndg:e  represented  in  Fig,  17. 
In  Fig.  19»  /'  E^  G  a  and  { E  C  a'  are  the  planes  of  the  portals. 
At  the  left  end,  the  line  e'  k  is  horizontal  and  perpendicular 
to  /'a;  then,  the  triangle  ^  k  f  \s  a  right  triangle.  As  E' f*  is 
verticaU  the  triangle  /iV/r  is  also  a  right  triangle.  U  the 
line  ^k  is  revolved  about  the  line  a/'  and  kept  always  per- 
pendicular to  it,  it  will  generate  a  plane  at  right  angles  to  a  P 
that  intersects  the  plane  of  the  portal  in  k  E'\  the  tri- 
angle f  kE*  is,  therefore,  a  right  triangle.     Then* 

P  k 
cos  L  ~  -,^-^.1  P  k  =  t'  k  cot  B  =  b  cos  B  cot  B\ 
E^  V 

E'P  ^  //,  -  A  CSC  //; 


ip» 


whence 


cos  L  =  -  COS  B  cot  B  sin  // 
h 


It  is  sometimes  desired  to  find  the  angle  E^ke^  between 
the  plane  of  the  portal  and  a  horizontal  plane.  Let  A' 
represent  the  angle  E* k^\  then. 


whetice 


tan  K  -  4'/;  ^'^  ^  fr,  e'k  ==  b  cos  B\ 

tan  A'  ==  Y  sec  B 
b 


When  A^is  known,  L  may  also  be  found  as  follows: 


sin  Zr  = 


E'P 


E*k  =  h  CSC  A';  E'P  =  //.  =  h  esc  H\ 


whence  sin  L  =  sin  //  esc  A' 

If  the  end  posts  arc  fixed  at  their  lower  joints,  the  stresses 
in  the  end  post  and  portal  may  be  found  by  assuming  that 
the  end  posts  are  supported  and  hinged  at  points  one-third  to 
one-half  the  distance  from  their  lower  joints  to  the  lowest 
point  of  the  portal  or  brackets. 
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33.  DerinltSon. — A  viaduct  is  a  bridge,  commonly  of 
stone  or  steel,  made  up  of  several  spans  that  rest  on  inter- 
mediate supports,  and  is  used  to  carry  elevated  railways 
through  city  streets,  or  to  carry  a  highway  or  railroad 
across  a  valley  or  stream,  generally  at  a  considerable  dis- 
tance above  it.  The  stresses  in  each  span  may  be  analyzed 
according  to  the  principles  already  discussed,  and  the  sup- 
ports are  all  that  remain  to  be  considered. 

34*  Klevated  Railways. — In  elevated  railways,  the 
main  girders  or  trusses  that  carry  the  track  are  usually  con- 
nected to  cross-girders  that  rest  on  columns;  the  latter  are 
supported  on  masonry  piers  at  or  about  the  level  of  the 
ground,  and  are  firmly  bolted  to  them»  and  so  may  he 
considered  fixed  in  direction. 

A  typical  elevation  and  section  of  such  a  structure  buil 
for  two  tracks  is  shown  in  Fig.  20,  The  cross-girder 
transmit  the  loads  at  B  and  C  to  the  columns  at  A 
and  /?,  and  receive  their  maximum  stresses  when  both 
tracks  are  loaded  on  the  two  adjacent  spans.  The  columns 
transmit  the  vertical  loads  from  the  cross-girders  and 
the  outside*track  girders  to  the  pters.  and  also  receive 
their  maximum  loads  when  the  adjacent  spans  are  fully 
loaded. 

35,  Colnmn  Bracing'. — As  the  clearance  between  the 
columns  below  the  cross-girders  is  usually  required  for  street 
traffic,  it  is  impossible  to  insert  any  diagonal  sway  bracing 
to  resist  the  wind  pressure  and  centrifugal  force.  WHien- 
ever  possible,  knee  braces  or  curved  brackets  are  inserted 
under  the  cross-girders.  Then  the  two  columns  and  cros 
girder  form  a  structure  similar  to  the  end  posts  and  porta! 
of  a  through  bridge,  and  the  direct,  bending,  and  shearin 
Stresses  in  the  columns  due  to  centrifugal  force  and  to  the 


i 
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pressure  of  the  wind  on  the  cars  and  girders 
may  be  found  in  exactly  the  same  way  as 
for  a  portal.  For  this  purpose^  (he  formulas 
given  in  Figf.  10  may  be  used,  (n  com- 
piiting  the  wind  pressure,  it  will  be  sufficient 
to  consider  the  exposed  area  of  one  girder 
and  one  train  of  cars;  the  others  will  be  shel- 
tered. If  the  lower  end  of  the  colnnin  is 
firmly  bolted  to  the  masonry,  the  points  of 
inflection  C.  and  C^\  Fig.  20  {b)^  may  be 
assumed  to  be  midway  between  the  top  of 
the  pier  and  the  bottom  of  curved  bracket. 
Then^  if  P  represents  the  total  wind  pres- 
sure over  one  span  on  cars  and  girders,  the 
horizontal  reactions  at  C  and  C,  are  each 

P 
equal  to      ,  and  the  moment  at  F  and  F^  is 


equal  to 


2  ^      2 


d. 


There  is  also  to  he  resisted  the  longitudinal 
thrust  exerted  by  a  train  of  cars  coming  to 
rest  when  the  brakes  are  set.  This  thrust  is  a 
maximum  w*hen  the  brakes  are  set  so  hard  that 
the  wheels  stop  turning  and  slide  on  the  rails; 
it  is  usually  taken  equal  to  one-fifth  the  welt^ht 
of  the  cars.  It  is  transmitted  to  the  piers  by 
the  columns*  which  thereby  receive  bending 
stresses*  In  the  double-track  structure  shown 
in  Fig.  20.  the  thrust  for  each  track  is  trans- 
mitted by  one  row  of  columns;  and  in  a  single- 
track  structure  by  both  rows*  H  the  longi- 
tudioal  thrust  per  linear  foot  for  one  track  is  /, 
aod  the  length  of  span  A  the  amount  7*  that 
is  transmitted  by  one  column  is  //.  and.  assu- 
ming that  the  colnmns  are  well  bolted  at 
the  bottom*  the  bending  moment  at  F  is 
h-  d^ 

i' 
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General    Description. — Fifif.  21  shows  the  eleva* 

tion  (a)  and  section  {d)  of  a  typical 
steel  trestle  for  carrying  a  railroad 
or  highway  across  a  deep  valley. 
The  track  or  fioor  is  carried  on  gir- 
ders or  trusses  forming  alternately 
Iohe;  and  short  spans,  /  and  /',  respect- 
ively. The  adjacent  ends  o£  each 
two  consecutive  spans  are  supported 
by  a  pair  of  columns,  the  tops  oi 
which  are  about  under  the  main  gir 
ders  or  trusses.  These  columns  are 
battered  *  or  sloped  outwards,  toward 
the  ground.  The  two  columns  sup- 
portinji  the  corresponding  ends  ot  the 
two  trusses  or  girders  in  each  span 
are  rigidly  braced  by  horizontal  struts 
„    and    diagonal    members   in    vertical 

CI 

g    planes  at  ng:ht  ane:les  to  the  track. 

^  The  combination  formed  by  the  two 
columns  and  the  bracing  is  called  a 
trestle  bent.  The  trestle  bents  that 
come  under  the  two  ends  of  each  short 
span  /'  are  connected  to  each  other 
by  horizontal  struts  and  diagona' 
bracing  in  inclined  planes  parallel  to 
the  direction  of  the  track.  The  two 
bents>  together  with  the  bracing,  form 
a  to\vt?r.  The  short  spans,  which 
extend  from  one  side  of  the  tower 
to  the  other*  are  called  the  toNvcr 
spaii^,  and  are  usually  about  30  feet 
in  length;  the  long  spans,  which  ex 
tend  from  one  tower  to  the  nex 
are  called  the  msilii  spuiift,  and  are 
usually  not  less  than  about  50  feel  in 


^ 
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length,  the  maximwm  depending  to  a  great  extent  on  the 
height  of  the  columns. 

The  maximum  vertical  load  on  a  bent  occurs  when  the 
adjacent  spans  are  fully  loaded.  If  the  length  of  the  lower 
span  is  l\  that  of  the  main  span  A  and  the  load  per  linear 

foot  w,  the  vertical  load  W  on  a  trestle  bent  is  wi-  +     V 

ine-half  of  which  is  carried  by  each  column.     If  the  angle 

»etween  the  center  line  of  the  column  and  a  horizontal  line 

at  right  angles  to  the  center  line  of  the  bridge  is  //,  as 

represented  in  Fig.  22  (b),  the  compression  in  the  column 

tdue  to  the  vertical  load  is       esc  //»  and  the  compression  in 
le  upper  transverse  strut  --4  A'  is  — -  cot  //. 

37.  Trnneverse,  or  Sway,  Braelug:.^ — The  diagonal 
bracing  is  usually  arranged  so  that  the  slope  is  about  A'y^\   in 

»a  high  tower,  the  bracing  divides  the  height  into  a  number 
of  stories.  The  stresses  in  the  bracing  are  usually  found 
by  the  graphic  method.     For  purposes  of  illustration,  both 

»the  graphic  and  the  analytic  method  will  be  explained  here. 
Fig.  22  (a)  represents  a  trestle  bent  with  dimensions  as 
shown;   the  wind  pressure  on  the  train  for  a  length  equal  to 

/     r 

-  -h     is  /•,,  acting  at  a  distance  of  hj  above  the  top  of  the 

bent;  and  the  wind  pressure  on  the  rails,  ties,  and  girders, 
for  the  same  length  is  /\,  acting  at  a  distance  of  ///  above 
the  top  of  the  bent,  The  wind  pressures  transmitted  to  the 
joints  A^  B,  C  etc.  by  the  members  of  the  bent  are  A,  A,  /\, 
etc.  As  the  wind  is  blowing  from  the  left,  the  diagonals 
A'B,  B'C  C  A  etc.  will  be  in  action. 

To  find  the  stress  in  a  diagonal,  such  as  A' B,  the  bent 
may  be  considered  cut  by  a  plane,  such  as  rs^  Fig.  22  C^;), 
■  that  intersects  the  diagonal  and  the  two  columns,  and  the 
portion  above  the  plane  may  be  considered  as  a  free  body. 
Then,  applying  the  equation  ^  M  =  0  to  the  external 
forces    above    the    section    r  s,    and    taking    the    center    of 
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moments  at  the  intersection  /  of  the  two  columns^  the  stress 
in  A'  B  is 

PAi^zAn±PM^lM±P,i^  tension 

ii 

In  like  manner,  the  compression  in  B  B'  is 

The  stresses  in  other  diai^onala  and  transverse  struts  may 
be  found  in  a  similar  way.  For  the  stress  in  /'/*',  it  will  be 
well  to  consider  that  the  whole  horizontal  load  is  carried  tt> 
/'^  in  which  case  the  stress  in  PF'  will  be  equal  to  the 
moment  of  all  the  forces  above  the  point  /"about  /,  inclu- 
ding the  load  at  P,  divided  by  the  lever  arm  /  +  h  of  PP', 

The  distances  ^^  d,,  etc.,  /t,  /t,,  /^,  etc.,  and  the  angle  //'are 
determined  by  the  style  and  general  dimensions  of  the 
viaduct;  from  them,  the  distances  i,  ii,  t\,  etc.  may  be  found 
as  follows; 

=  *  tan  j¥ 
2 

=  /j^sin  {//-//,)  -  ^'  sec //sin  (//-//J 


-  'l"  sec  //sin  (H  -  H,),  etc. 


38, 


wind  Stresses  In  Coliiniiis. — To   find   the  wind 
stresses  in  the  columns,  the  portion  of  the  bent  above  such 
a   section   as   rs  may  be  considered.     The  stress   in  either 
^P  column  may  be  found  by  taking  moments  about  the  inter- 
section of  the  diagonal  with  the  other  column.     It  will  be 
convenient  to  resolve  the  stress  into  its  A*  and  K  components 
^b  at  the  joint  opposite  the  center  of  moments,  and  to  multi' 
■       ply  the  Y  component  by  esc  //.     Thus,  with  the  center  of 
moments  at  A\  the  stress  in  A  B  is 


P.K'-^P.h* 


X  CSC  //,  tension 


With  the  center  of  moments  at  />',  ihc  stress  in  A* B'  is 


25 
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With  the  center  of  moments  at  1%  the  stress  in  E'  F^  is 
compression  equal  to 

{[/'.  (///  +  h)  +  />.(///  +  //)  4-  A^  4-  p,  (h  -  //.) 

4-  P.  (//.+  //.  +  /u)  4-  P.  Uu  +  //J  +  P,h:\  -^  b.)  X  CSC  i7 

The  stress  in  any  other  portion  of  the  cohimns  may  be 
found  in  like  manner.  The  maximum  compression  will 
occur  at  the  lowest  section  on  the  leeward  side,  in  this  case 
E' F'y  and  will  be  equal  to  the  compression  due  to  the  ver- 
tical load  plus  that  due  to  wind  pressure;  this  is  also  the 
maximum  vertical  load  on  a  pier. 

For  the  minimum  compression  in  the  columns,  there  are 
two  cases  to  be  considered. 

1.  Wheyi  the  adjacent  spans  are  fully  loaded.  In  this  case, 
the  compression  due  to  the  live  and  dead  loads  is  decreased 
by  the  tension  in  the  windward  column  due  to  a  wind 
pressure  of  30  pounds  per  square  foot  against  the  exposed 
surface  of  the  cars  and  structure. 

2.  When  the  adjacent  spans  are  unloaded.  In  this  case, 
the  compression  due  to  dead  load  alone  is  decreased  by  the 
tension  in  the  windward  column,  due  to  a  wind  pressure  of 
50  pounds  per  square  foot  ajjainst  the  exposed  surface  of 
the  structure  alone.  The  minimum  compression  occurs  in 
the  lowest  section  of  the  windward  column,  in  this  case  F.F. 
but  this  is  not  tlic  minimum  vertical  load  on  the  pier;  the 
latter  is  further  decreased  by  the  vertical  component  of  the 
tension  in  E'  I'\  so  that  the  minimum  load  on  the  windward  pier 
may  be  ne*iative;  that  is,  there  may  he  a  tendency  to  upliftin<; 
at  /•",  even  thuii<;h  the  minimum  stress  in  /:/'"is  compression. 

39.  Anolioi'ajiro. — To  find  the  reaction  on  the  windwani 
pier,  without  considering  the  stresses  in  the  members,  the 
point  /•'  may  lie  taken  as  the  center  of  moments  for  all  the 
external  forces  actinj;  on  the  bent.  Then,  denoting  by  //' 
the  total  load  on  a  bent,  and  assumin^^  that  the  reaction  at  f 
acts  vertically  upwards,  its  value  is 

(Kx    '  —  nionu-nt  ot  ail  win<l  pressure  about  F' 
it 

b. 
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:his  comes  out  positive  for  both  cases  outlined  in  the 
preceding  example,  no  anchorage  is  reciiiiredj  if  it  cotnes 
out  neg^ative  for  either  case,  there  must  be  a  weight  of 
masonry  iu  the  pier  equal  at  least  to  the  negative  reaction^ 
aIthou£:h  for  safety  it  is  usually  made  not  less  than  twice 
that  amount. 

40*  Graphic  Metliod. — The  stresses  tnay  be  found  hy 
means  of  the  stress  diagram  much  more  quickly  than  by  the 
analytic  method.  Those  due  to  the  vertical  load  may  be 
found  by  drawing:  the  triangle  of  forces,  Fig.  23  (rf),  for  a 

load  of    ■,  and  the  stresses  in  A  A^  and  A S  ^t  point-'/. 

it 

K     In  findintj  the  wind  stresses,  it  will   be  well   to  consider 

"first  the  pressures  A  and  A  that  act  above  the  top  of  the 

bent.     The  lateral   thrust   due   to  F^   is   transmitted   to  the 

upper  flanges  of  the  girders  at  a  and  a\  Fig.  22,  by  means 

^of  the  rails*  ties,  and  upper  lateral  bracing;  that  due  to  /*,  is 

■transmitted  to  a  and  A  by  means  of  the  web  of  the  girder? 

^Ethe  lateral  thrust  at  a  and  a*  is  transmitted  to  the  supports 

^Pat  A  and  A'  by  means  of  the  sway  frame  aa'  A'  A^  the  diag- 

Honal  a  A'  being  out  of  action,  and  there  being  tension  in  a'  A, 

In    the    analysis    of    the   sway    frame,    tn    Art.    20,    it   was 

■explained  that  it  is  customary  to  consider  the  structure  on 
the  point  of  overturning  about  the  leeward  support,  in 
which  case  the  whole  lateral  thrust  is  exerted  at  A\  causing 

ka  compression  in  the  lower  member  of  the  sway  frame  equal 
to  P,  +  P., 
L  Now,  if  the  same  assumption  is  made  in  the  present  case, 
there  will  be  very  little  stress  in  A  A',  the  upper  transverse 
strut  of  the  tower,  and  to  furnish  a  basis  for  the  design 
of  this  member  it  is  assumed  (hat  all  the  lateral  thrust 
due  to  P,  and  /*,  is  transmitted  to  the  bent  at  A]^  then, 
the  reaction  at  A'  will  be  vertical,  The  problem  then  arises 
to  resolve  P»  and  P»  into  two  components,  one  of  which 


i 


In  reality,  il  matters  littte  whether  nil  the  lateral  thrust  is  assumed 
be  transmitted  In  A  or  to ,  /',  ii5  nil  the  transverse  struts  u<  the  lj*tjt, 
nclufUog  tTm  cop,  are  usually  made  th«  stitne  sise. 
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is  vertical,  passing  through  A\  and  the  other  inclined, 
passing^  through  A.  For  this  purpose,  Pi  and  P,  are  platted 
to  scale^  as  shown  by  1-2  and  2-S,  respectively,  in  Fig.  23  ( ^) , 
and  the  position  of  their  resxiUant  P.  ^  P,  -\-  P,  is  found  by 
means  of  the  force  diagram  0-1-2-3^  Fig.  23  {b),  and  the 
funicular  <^^/(/,  Fig.  23  (a).  The  line  of  action  of  Pr  inter- 
sects at  c  the  line  of  action  of  the  vertical  reaction  at  A'\ 
therefore,  c  A  is  the  line  of  action  of  the  reaction  at  A,  The 
values  of  the  reaction  may  be  found  by  drawing  the  triangle 
of  forces  for  the  point  c\  they  are  1-21  at  A\  and  21-3  at  A, 
Fig.  23  (b).  Then,  the  external  forces  acting  on  the  tower 
are:  1-21,  acting  vertically  downwards  at  A^\  21-3^  acting 
upwards  in  the  direction  Ac  at  ,-/;  P^,P^,Pm,  etc.,  acting 
horizontally  at  A,  B,  T,  etc.;  the  reaction  at  F,  which  may  be 
assumed  vertical,  as  explained  in  Art,  39;  and  the  reaction 
at  P\  which  will  be  inclined.  The  diagonals  A'  /^,  B'  C,  C  A 
etc.  will  be  in  tension;  the  other  diagonals  will  be  out  of 
action.  The  construction  of  the  stress  diagram  presents  no 
difficulty;  it  is  best  to  start  with  the  joint  A,  then  take  A\ 
and  then  B,  B\  C,CD,D\e\^,  in  the  order  given.  In  Fig.  23^ 
(a)  is  the  elevation  or  space  diagram  of  the  trestle  bent; 
(^J,  the  stress  diagram  for  wind  stresses  when  the  structure 
is  fully  loaded  (30  pounds  per  square  foot  against  structure 
and  cars);  (c).  the  stress  diagram  for  wind  stresses  when 
the  structure  ts  unloaded  (50  pounds  per  square  foot 
against  the  structure);  and  ((/),  the  force  polygon  for 
the  vertical  load  at  the  joint  A,  The  stresses  scaled 
from  (A)  must  be  combined  with  those  due  to  full  dead 
and  live  loads^  and  those  scaled  from  c  must  be  combined 
with  those  due  to  dead  load  alone;  the  maximum  roust  be 
used  in  each  case. 

41*  Centrlfiigral  Force. ^The  stresses  in  the  members 
of  the  bents  due  to  centrifugal  force  when  the  viaduct  is  on  a 
curve  may  be  found  in  practically  the  same  way  as  the  wind 
stresses. 

42.  T^onjK^UiKllnal  Tlirust. — The  bracing  referred  to 
in  Art.  36»  which  connects  the  bents,  is  the  lousltudliial 
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braetni;:,   and  is  designed  to  resist  the  longitudinal  thrust 
that  is  exerted  on  the  structure  by  a  train  of  cars.    The  total 

thrust   7"  that  acts  on  one  tower  is  equal  to  t  (^"'"^'^o/* 

or  /  (/  +  /').     It  is  transmitted  to  the  viaduct  at  the  level  of 

the  rails,  and  may  be  assumed  to  be  concentrated  at  the  lop 

of  one  bent,  or  divided  between  the  two;  for  all  practical 

purposes,  it  may  be  assumed  to  be  applied  at  one  bent,  as 

at  G,  Fig,  24.     The  amount  to  be  resisted  by  the  bracing-  on 

T 
each  side  of  the  track  is  — ;  the  stress  in 


each  diag^onal  is  equal  to  —  X  sec  H^  ten- 

sion^   and   in    each    horizontal    strut   it   is 

T 

— ,    compression.     The    stresses    in    the 

columns  may  be  found  by  the  method  of 
inomenls.     For    example,    the    stress    in 

Z.  /  is  — -— ,   tension:  and  the  stress  in 


T 


Pro,  SI 


L'  P  is 


(/,  +  /,) 


compression. 


The  distances  /,,  /„  /,,  etc.  are  not  vertical  heights,  but 
actual  distances  measured  along  the  columns. 

Example.— In  Fif^,  22^  let  A/  ^  15  feet;  A,'  -  4  feet;  Ai»  A,,  h^,  A.,  >, 
=  9»  12,  to,  18,  21  feet,  respectively  (then  A  =  75  f^t);  *  ^  S  feet; 
slope  of  columnii,  'Z  inches  horiicoiital  to  1  foot  vertical;  /*,  =  15,000 
pouDds;  F^  =  12,000  pounds;  and  let  the  wind  pressure  on  the  bcnl 
be  100  pounds  per  linear  foot,  vertical,  Ueterraine;  (tr)  the  vertical 
reactiot)  at  /'^and  the  vertical  and  horizoDtal  component!^  uf  the 
reaction  at /^';  (*)  the  wind  stress  in  the  meiubef  £"' A';  {f)  the  wind 
stress  in  the  member  £  F\  {d)  the  wind  stress  in  the  member  C  D\ 
and  {e)  the  wind  stress  in  the  metnber  CC. 


Sc>LUTiON.— (a)  The  vertical  reaction  at  /^  is  found  by  takiag 
mometits  of  all  the  wind  forces  about  J*^.  The  moments,  iu  foot* 
pounds,  are: 
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A  (A  +  hy')  =  15,000  X  (70  +  15)  =  13  5  0  0  0  0 

A{//  +  A,')  =  12,000  X  (75  +  4)  =      9  4  8  0  0  0 

/>,//  =^^.,"'*-X75  -         33  750 

P,  (A  -  h,)  =  r^^ii^'  X  (75  -  9)  =         6  9  3  0  0 

07  y  inn 
/'.(A  -  A,  -  A.)  =  -^^-^^  X  (75  -  9  -  12)  =         7  2  9  0  0 

'j'j  V  inn 
p.  (A.  +  A.)  =  "-4r^  X  (-'1  +  18)  =         6  4  3  5  0 

P,h.  =?»i'^X21  =         4  095  0 

^.0  =2»4i««xo 

2~5~7  92  5  0 
The  total  moment  about  F'  is  2,579,250  ft. -lb.     Each  column  slopes 
outwards  ^  X  75  -  12.5  ft.;  then, 

^  =  12.5  +  8  +  12.5  =  33  ft. 
The  vertical  reaction  at  F  \%,  therefore, 

2,579,250  -J-  33  =  78,2(X)  lb.,  acting  downwards.    Ans. 
Since  the  only  vertical  forces  acting  on  the  trestle  bent  for  the  wind 
loading  are  the  vertical  components  of  the  reactions  at  F  and  F',  they 
must  be  equal.     The  vertical  component  of  the  reaction  at  F'  is,  there- 
fore, 78,200  lb.    Ans. 

In  Art.  37,  it  is  stated  that  the  entire  horizontal  load  may  be  assumed 
to  be  carried  to  F'.    Then,  the  horizontal  component  of  the  reaction 

^'  ^'  '^^        15,000  -f  12,000  +  (75  X  100)  =  :M,500  lb.     Ans. 

(A)  The  stress  in  the  member  E'  F'  can  be  found  by  taking 
moments  about  the  intersection  oi  E  F  and  E'  F,  that  is,  about 
point  F.    This  is  the  same  moment  found  in   (a),  2,579;250  ft. -lb. 

v't>"  _i_  *>* 
csc//==         J.,         =  1-0138 

Then,  the  stress  in  /;'  /''  is 

2  579  250 
'-.;.;-  X  1.0138  =  +  79,300  lb.    Ans. 

(r)  The  wind  stress  in  the  member  E  F  cau  be  found  by  taking 
moments  about  the  intersection  of  E' F'  and  E' F,  that  is,  about 
point  E*,    The  moments,  in  foot-pounds,  are: 

Pi  {h,  +  A.  +  //,  +  /-,  +  //,')  =  15,000  X  <i9  ==  1  0  3  5  0  0  0 

P^  {h,  +  A.  +  //,  +  //»  +  //.')  =  12,000  X  58  =      6  9  6  0  0  0 

P»{h,  +  A.  +  A,  +  A,)  =        450  X  54  =         2  4  3  0  0 

A(A.  +  A.  +  A,)  =     l.OSO  X  45  =         4  7  2  5  0 

/*.(*,  + A*)  =    l,:^=>0x:i3=         4  4550 

/>.  A.  =     1.650X18=         29  700 

18  7  6  8  0  0 
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The  distance  64  ta 

^^^  =  (2  X  "^^  H^  8  =  26  ft. 
Then*  the  stress  in  £  /^  is 

hE^^  X  1.0138  =  -  73,300  lb. 

id)  Th«  strcsR  in  C'/?  is  equal  to  the  raomcTit  of  A.  /*.,  P*,  A. 
£ind  Pt  about  J  diviried  by  the  perpeoclicular  distance  u  from  /  to  Z?  O 
produced, 

t 


*  X  tan  //  =  ^  X  6  =  24  ft. 


2 

FOOT'POI/JTDS 
=  15,000  X    fi  =  13fiOOO 
=  12.000  X20  =  2  40  0  00 
4rjO  X  24  =^      1  0  S  0  0 
-     J,ftTOx:i^l  -      3  4  660 


P,  (i  -  A,0 

AU'H-Ai  +  A,)  =     1.350X45=      6  0  750 


4  8  1200 


According  to  Art.  87, 


A. 


In  this  equation, 


1,  -  ^  X  sec  ^8in  (^-  If.) 

6.0828; 


tan//;  = 


sec/T  = 
A. 


V12*  +  2* 


//■  =  80°  32'; 

2A.  2X16 


*.  +  *.       20  +  15 


=  .85714 


2  "^  2 

so  that  //,  =  40°  36'.     Then, 

''O 
/.  =  V  X  ^■^^'^^S  X  sin  (80°  32'  -  40°  36')  =  60.828  X  .64190  =  39.05  ft. 

The  stress  in  CD  is,  therefore, 

481 ,200  -J-  39.05  =  -  12,300  lb.     Ans. 
{e)     The  stress  in  CC  is  equal  to  the  moment  of  /*,,  /*„  /*,.  /*«, 
and  A  about  /,  divided  by  the  perpendicular  distance  from  /  to  OC, 
which  is  45  ft.     The  moment  was  found,  in  (rf),  to  be  481,200  ft. -lb. 
Then,  the  stress  in  CC  is 

481,200  -i-  45  =  +  10.700  lb.    Ans. 


EXAMPLES    FOR    PRACTICE 

1.  Suppose  that  the  wind  pressure  /*,  on  the  trestle  bent  shown  in 
Fig.  22,  when  there  is  no  live  load  on  the  trestle,  is  20,000  pounds; 
the  wind  pressure  on  the  bent  is  150  pounds  per  foot  vertical;  and  the 
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dimensions  are  as  given  in  the  example  in  Art.  42.     Find  the  vertical 
reaction  at  /'.  Ans.  60,700  lb. 

2.     For  the  conditions  stated  in  example  1,  what  is  the  horizontal 
component  of  the  reaction  at  F'}  Ans.  31,250  lb. 

8.     For  the  same  conditions  as  in  example  1,  what  is  the  stress  in 
the  member  V E'l  Ans.  +  63,800  lb. 

4.     For  the  same  conditions  as  in  example  1,  what  is  the  stress  in 
the  member  O  D}  Ans.  -  14.300  lb. 


.BRIDGE  MEMBERS  AND  DETAILS 

(PART   1) 


MATERIALS 

The  materials  most  used  in  the  construction  of  bridges 
are  wood^  iron,  and  steeh  In  this  Section,  the  materials  and 
the  forms  and  shapes  specially  adapted  to  bridge  work  will 
be  considered.  The  specifications  governing  the  ciualitv  of 
materials*  and  the  details  of  construction  of  bridges,  will  be 
treated  in  subsequent  Sections* 


WOOD 

2.  In  the  first  bridge  trusses  that  were  built,  wood  was 
used  almost  wholly  for  compression  members;  to  a  great 
extent  for  tension  members,  such  as  lower  chords;  and  for 
floor  systems.  As  the  loads  at  that  time  were  lighl»  and 
timber  was  plentiful  in  almost  all  localities,  while  iron  and 
steel  were  expensive  and  of  uncertain  quality,  wood  was  con- 
sidered the  most  desirable  material.  With  the  advance  of 
civilization,  loads  increased  in  weight,  the  clearing  of  large 
areas  made  timber  scarce  and  expensive^  and  new  methods 
of  manufacture  rendered  iron  and  steel  more  reliable  and 
less  expensive-  On  this  account,  when  ihe  timber  bridges 
first  built  deteriorated  to  such  an  extent  that  it  became 
necessary  to  renew  them,  many  were  replaced  by  structures 
entirely  of  iron  or  steeU  with  the  exception,  in  many  cases» 
of  the  floor  system,  for  which  wood  still  remained  the  most 
satisfactory  material. 

Copyrijrktfd  ft>  inifrifaiiiinat  Tfxthtx^k  Companjf.    Entrrfd  ai  Statiojtert'  Ho-it,  tandem 
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3.  At  the  present  time,  timber  is  used  to  some  extent 
for  the  compFession  members  of  trusses  in  which  the  tension 
members  are  steel,  in  localities  where  timber  is  still  plentiful 
and  inexpensive*  Such  bridges  are  known  as  ooniblnatloji 
brldpfew,  and  the  details  are  arrang^ed  in  siieh  a  way  that  the 
wooden  compression  members  can  be  readily  removed  and 
replaced  when  renewal  is  necessary.  In  by  far  the  greater 
number  of  bridg-es  at  the  present  time,  however,  the  floor 
planking,  and,  in  some  cases  the  stringers  and  floorbeams< 
are  the  only  parts  constructed  of  wood. 


i 


IRON 


CAST    IRON 

I 

4.  Properties,. — Cast  Iron  is  a  product  obtained  by 
meking  iron  ore,  and  consists  of  a  mixture  of  iron  and  car- 
bon, together  with  small  percentages  of  other  impurities, 
such  as  sulphur,  phosphorus,  maoganese,  and  silicon.  The 
relatively  large  amount  of  carbon,  varying  from  2  to  G  per 
cent.^  distinguishes  it  from  other  grades  of  iron.  Cast  iron 
is  comparatively  cheap,  has  a  high  compressive  strength, 
can  be  given  any  desired  shape  very  readily  by  casting,  and 
does  not  rust  lo  any  appreciable  extent.  These  properties 
recommended  it  for  use  in  bridge  trusses,  when  it  was  first 
deemed  advisable  to.  use  some  material  other  than  wood. 
On  the  other  hand,  cast  iron  has  a  comparatively  low  and 
uncertain  tensile  strength;  its  high  percentage  of  carbon  ren- 
ders it  very  brittle,  causing  it  to  break  abruptly  without  any 
warning;  and  the  method  of  manufacture  is  such  that  there 
may  exist  in  the  material  hidden  flaws  that  greatly  impair  its 
strength.  On  account  of*  its  britLlencss.  cast  iron  cannot  be 
riveted,  as  the  pressure  of  a  riveting  inachtne  or  the  blows 
from  a  riveting  hammer  are  almost  sure  lo  break  the  iron. 

5.  Use  of  Cast  Iron- — When  cast  iron  was  first  used  in 
bridge  construction^  engineers  did  not  attach  suflacient 
importance  to   its  unreliable  qualities.     Several  disastrous 
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*  bridge  failures,  however,  soon  led  to  the  abandonment  of 
this  material  for  importanl  members.  For  a  number  of 
years,  it  has  been  used  only  for  unimportant  parts,  such  as 
heavy  bedplates  or  masonry  plates  under  the  ends  of  trusses, 
Bto  distribute  the  pressure  over  the  required  area  of  the 
masonry.     At  the  present  time,  it  is  being  entirely  super- 

Iseded  in  bridge  work  by  steel,  even  for  unimportant  details. 
It  is  a  good  rule  ««vr  io  use  cast  tran  for  any  part  of  a  bridge 
the  failure  of  which  may  cause  damage  to  life  or  property. 
WHOUGOT  IRON 
6»  Properties. — WroujGrht  Iron  is  ihe  product  obtained 
by  burning  the  carbon,  and,  to  a  certain  extent,  the  other 
inipurities  from  cast  iron.  The  result  is  a  porous  mass  of 
pure  iron  with  sotne  impurities;  the  smaller  the  quantity  of 
these  impurities,  the  better  is  the  quality  of  the  iron.  The 
first  product  of  the  burning  is  hammered  and  pressed 
between  rolls  into  a  compact  and  homogeneous  mass,  to 
eliminate  the  pores  and  weld  the  iron  firmly  into  a  s<^>lid 
^tnass.  The  amount  and  method  of  hammering  and  rolling 
^■determine  to  a  great  extent  the  quality  of  the  iron. 

Wrought  iron  has  a  lower  compressive  strength  than  cast 

■iron»  and  Is  more  expensive;  on  the  other  hand,  it  possesses 
fio  many  advantages  over  cast  iron  that  it  is  far  preferable 
in  bridge  work.  By  successive  heating  and  hammering,  it 
can  be  given  almost  any  desired  form;  two  pieces  of  it  can 
readily  be  welded  or  inveted  with  very  little  injury  to  the 
iron;  it  is  very  tough  aad  ductile,  and  gives  ample  warning 
before  failure, 

7*  l'«e  of  Wroufflit  Iron. — In  the  earlier  bridge  trusses, 
■wrought  iron  was  used  for  the  tension  web  members,  and 
later  on  replaced  timber  and  ca!^t  iron  in  all  the  members, 
being  used  for  several  years  with  fairly  good  results.  As 
the  loads  iticreased^  it  was  necessary  to  bnild  the  bridges 
stronger^  this  couUl  have  been  done  by  using  heavier  mem- 
bers tif  wrought  iron,  but,  on  account  of  ihi'  high  cost  iff 
such  members,  it  became   very   desirable    to   replace   this 
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material  by  another  having  grearer  strength^  and  not  inferior 
in  other  properties.     Steel  was  found  to  possess  the  needc< 

requirements,  and  has  superseded  wrought  iron  in  nearly  alT 
forms  of  structural  work. 

8,  The  earHer  grades  of  wrought  iron  were  of  compara- 
tively low  quality;  the  material  lacked  homogeneity,  and 
possessed  all  the  impurities  of  the  cast  iron  from  which  it 
was  made.  With  modern  appliances  for  the  manufacture  of 
iron  and  steel,  a  much  better  quality  can  be  obtained,  and 
it  is  thought  by  some  engineers  that  steel  is  used  at  present 
in  some  places  where  the  conditions  are  such  that  wrought 
iron  would  give  much  better  results.  This  is  particularly 
true  o£  highway  bridges  over  railway  tracks,  where,  on 
account  of  the  sulphurous  fumes  frmn  the  smokestacks  of 
locomotives,  steel  corrodes  very  rapidly.  There  are  several 
instances  where  second-hand  wrought-iron  trusses  support- 
ing new  steel  floor  systems  over  railway  tracks  were  in 
excellent  condition,  so  far  as  corrosion  w'as  concerned,  after 
the  steel  floorbeams  and  stringers  had  corroded  to  such  an 
extent  that  it  was  necessary  to  replace  them.  As  a  general 
rule,  however,  steel  is  far  preferable  to  wrought  iron  for 
bridge  work;  A\Tought  iron  is  used  at  present  simply  for 
members  that  require  to  be  welded,  and  for  details  that 
cannot  easily  be  manufactured  of  steel.  The  grades  of  steel 
used  for  bridge  work  do  not  weld  welK 


STEEIi 

9.  Method  of  MmmfHctiirc. — Steel  is  manufactured  in 
three  ways;  namely,  by  adding  carbon  to  wrought  iron,  by 
removing  carbon  from  cast  iron,  or  by  mixing  cast  and 
wrought  iron  in  suitable  proportions.  The  first  process, 
which  is  called  the  t'l-uelble  pi-oce^is,  is  the  most  expensive* 
Crucible  steel  is  never  used  in  bridge  work. 

The  second  process  is  known  as  the  Hessemer  process, 
and  gives  a  grade  of  steel  that  is  used  to  a  great  exteot  in 
structural  work.  Owing*  to  the  tnethod  of  manufacture, 
Bessemer  steel  is  liable  to  have  hard  and  brittle  spots,  and. 
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i  homogeneous.  For  this  reason,  it  is  not  well  adapted 
for  use  ia  members  subject  to  shocks  and  blows,  such  as 
bridge  members,  although  it  is  sometimes  used, 

^The  third  process  is  known  as  the  op^n-heurth  process, 
nd  gives  a  grade  of  steel  similar  to  Bessemer  steel,  but 
more  homogeneous.  Open-hearth  steel  is  especially  adapted 
to  bridge  work,  and  is  largely  used  for  that  purpose:  it  is 
Bsomewhat  more  expensive  than  Bessemer  steeU  hut  the 
additional  expense  is  thought  to  be  justified  by  the  greater 
homogeneity  obtained  in  the  metal. 

tlO.  Reel  Shortness  unil  Cold  Sliortnes$4,  —  The 
trength  and  ductility  of  steel  depend  to  a  great  extent  on 
he  amount  of  impurities,  those  usually  present  being  silicon, 
manganeset  carbon,  sulphur,  and  phosphorus.  The  first  two 
are  sufficiently  removed  in  modern  methods  of  manufacture, 
and  will  not  be  further  discussed.  The  amount  of  carbon 
can  be  regulated  at  will,  according  to  the  tenacity  and 
ductility  required,  and  varies  from  .1  to  1  per  cent,  of  the 
product*  In  general,  the  lower  the  percentage. of  carbon, 
the  softer  is  the  steel:  the  higher  the  percentage  of  carbon, 
the  harder  is  the  steel. 
H  The  presence  of  sulphur  makes  the  steel  red  $hort;  that 
is»  brittle  and  easily  cracked  when  hot.  This  is  a  very 
undesirable  property,  as  steel  is  heated  and  worked  several 
times  during  the  process  of  manufacture,  and  if  much  sulphur 
is  present,  the  material  is  broken  and  wasted. 

The  presence  of  phosphorus  makes  steel  eold  &liort;  that 

Kis,  brittle  and  easily  broken  when  cold.     This,  too,  is  a  very 

undesirable  property  in  steel  that  is  to  be  used  in  bridge 

work,  where  the  members  are  subject  to  shocks^  and  where 

the  failure  of  a  member  may  cause  disastrous  results. 

For  the  reasons  jiisl  stated,  it  would  be  desirable  to  remove 

sulphur  and  phosTphoms  entirely  from  steel;  but.  as  the  neces- 

ary  process  is  tnn  expensive,  it  is  customary  to  require  that 

the  ami'^nntH  of  (hem  shall  not  exceed  a  certain  percentage 

of  the  product.     The  amount  of  sulphur  allowed  in  steel  for 

ridffc  work  in  usually  not  more  than  .04  per  cent,;  that  of 
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phosphorus  varies  from  .04  to  ,08  per  cenL»  according^  to  the, 
method  of  removing;  the  phosphorus, 

1  la     AcUl  Process  and  Basic  Process* ^There  are  tw( 

methods  of  maniifacture  by  both  ihe  Bessemer  and  the  open- 
hearth  process;  these  methods  have  been  given  the  name! 
add  and  basics  the  difference  consisting  in  the  lining  of  the 
receptacle  in  which  the  steel  is  prepared  and  the  materials 
that  are  added  dunng  the  process  of  preparation. 

In  the  acid  process,  the  receptacle  is  lined  with  silicioui 
sandstone,  and  pig  iron  with  a  small  percentage  of  phosphonis 
is  used;  none  of  the  latter  is  removed  by  this  method,  the 
amount  in  the  finished  steel  being:  t^e  same  as  in  the  pig  iroi 
put  in  the  receptacle. 

In  the  basic  p^ocess^  the  receptacle  is  lined  with  dolomite 
(magnesium  limestone)*  and  pig  iron  with  a  large  amount  of 
phosphorus  may  be  used»  as  substances  are  added  to  the  pi] 
iron  that  remove  most  of  the  phosphonis. 

It  has  been  found  in  practice  that,  if  steel  is  manufactured 
by  the  acid  process,  the  amount  of  phosphorus  should  not 
exceed  .08  per  cent,;  if  made  by  the  basic  method,  the 
phosphorus   should  not  exceed  .04  per  cent* 

12*     Melts. ^The  t^uantity  of  steel  that  is  manufactured  in 
one  operation  of  the  melting  furnace  is  spoken  of  as  a  luelt* 
Each  melt  is  numbered  so  that  the  record  can  be  easily  found       | 
by  referring  to  the  melt  number.     The  chemical  propertied 
of  each  melt  are  placed  on  record  for  future  reference  as  sooa^j 
as  the  melt  is  finished.  ^M 

13,  When  the  proper  chemical  composition  of  the  steel 
has  been  obtained,  the  molten  melal  in  the  receptacle  (that  is, 
the  melt)  is  poured  into  molds,  forming  large  castings  called  , 
iujorots.  These  ingots  are  sometimes  rolled  a  few  times  to 
form  what  are  known  as  litUets.  All  the  ingots  or  billets 
that  come  from  one  melt  are  stamped  with  the  melt  number, 
The  billets  are  subsequently  reheated  and  passed  successivel] 
between  rolls,  each  rolling  decreasing  the  cross-section  aritt 
increasing  ihe  length  of  the  billet,  until  the  desired  form  is 
reached.     In   this   way,  a  great  variety  of  shapes — such  s»J 


te 

ol 


'■4 


BRIDGE  MEMBERS  AND  DETAILS 


rods,  plates,  angles,  channels,  I  beams^  etc. — are  obtained. 
The  melt  number  on  a  billet  should  be  stamped  on  each  piece 
rolled  from  that  billet. 

The  tenacity  and  ductility  ot  the  finished  material  are 
ascertained  by  certain  mechanical  tests  prescribed  by  the 
bridge  engfineer  in  charge  of  the  work  and  made  under 
the  supervision  of  inspectors  appointed  by  him.  The  usual 
tests  that  are  prescribed  will  be  given  in  Bridge  Specif kaiiofts. 


STRUCTURAL  SHAPES  OR  SECTIONS 


INTRODUCTION 

14.  Properties  of  Sections. — In  Si rengih  of  Materials t 
the  moment  of  inertia^  radius  of  gyration,  and  section 
modulus  have  been  defined,  and  the  methods  of  computing 

»lbem  explained.  In  actual  practice»  it  is  seldom  necessary 
to  compute  these  properties  for  the  simple  rolled  shapes^  as 
ihey  are  computed  by  the  steel  manufacturers,  who  publish 

•  books  containing  tables  in  which  ihe  results  of  such  com- 
putations are  given.  Several  of  these  tables,  and  others 
"that  are  convenient  for  bridge  work,  are  given  in  fitidge 
Tables.  All  references  in  this  Section  are  to  those  tables, 
unless  otherwise  stated. 

H  15,  Weight  or  Steel. — -In  Bridge  Tables,  the  weight  of 
a  cubic  foot  of  steel  has  been  taken  as  489.6  pounds.  As 
the  weight  of    1   cubic   foot  of  material  is  equal   to  that  of 

Kl44  pieces  1  inch  square  and  12  inches  long,  the  weight 
of  each  of  these  pieces  of  steel  is  489.6  -i-  144  —  3.4  pounds. 
That  is.  the  weight  of  a  piece  of  steel  1  inelt  square  and  1  fooi 

^miong  is  3.4  pounds^  and,  therefore^  Ihe  weight  per  linear  foot  <?/ 
any  pien  ef  steel  of  ittnform  eross-section  may  be  found  by  multi- 
plying the  area  of  ihe  cnnS'Sixtwn,  iu  square  iriehes,  by  'LL 

For  example,  the  area  of  cross-section  of  a  steel  plate 
12  inches  wide  and  i  inch  thick  is  6  square  inches;  the 
weight    of     the    plate,    per     foot,    is>    therefore,    6  X  3.4 

B'lf  20.4  pounds. 
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SQUARE    AND    ROUND    RODS 

16.  Areas  and  Wel(<hts* — Table  I  gives  the  areas  of 
cross-section  and  weights  per  linear  foot  for  round  rods  from 
tV  inch  to  6  inches  in  diaineter;  and  Table  11  gives  corre- 
sponding; values  for  square  rods  from  -jV  inch  to  6  inches  on 
a  side.  For  example,  il  can  be  seen  at  a  glance  that  the 
area  of  cross-section  of  a  round  rod  2ir  inches  in  diameter 
is  6.49  square  inches,  and  that  the  weight  per  foot  is 
22.07  pounds.  These  rods  are  freciucntly  used  for  tension 
members,  such  as  lateral  rods  or  counters,  but  are  seldom 
used  for  the  main  members  of  trusses.  The  rods  are 
sometimes  connected  at  the  ends  by  means  of  screw  threads 
on  which  are  turned  nuts  or  other  devices  for  transmitting  to 
the  rods  the  forces  ihey  are  to  resist. 

17.  Upset  Screw  Eluas. — If  screw  threads  are  cut  on 
the  ends  of  a  round  rod,  the  area  of  cross-section  at  the  root 
of  the  thread  is  considerably  less  than  that  of  the  body  of  the 
rod,  and  the  screw  ends  are  not  so  strong  as  ihe  remainder 
of  the  rod.  On  this  account,  it  is  customary  to  enlarge  the 
ends  before  tlie  threads  are  cut;  ihis  is  done  by  a  process 
called  ui>^ettiDp;«  The  rod,  as  originally  made,  is  the  same 
diameter  throughout  its  entire  length;  in  the  process  of 
upsetting,  the  ends  are  heated,  and  the  diameter  at  the  ends 
is  enlarged  to  such  an  extent  that,  after  the  threads  are  cut 
on  the  enlarged  ends,  the  area  of  cross-section  at  the  root  of 
the  thread  will  be  greater  than  that  of  the  body  of  the  bar; 
the  greater  area  is  necessary  because  the  process  of  upsetting 
somewhat  weakens  the  steel  at  the  ends.  When  it  is  desired 
to  form  screw  ends  on  square  rods,  the  ends  are  upset  to 
cylindrical  forms.  The  rod  is  considerably  shortened  in 
upsetting,  and  so  it  is  necessary  to  allow  for  the  shortening 
effect. 

Table  III  gives  the  dimensions  of  standard  upset  screw 
ends  for  round  rods  from  I  inch  to  i^  inches  in  diameter,  and 
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for  square  rods  from  f  inch  to  3  inches  on  a  side,  together 
with  the  additional  lengths  of  the  original  rods  necessary  to 
form  a  screw  end.  These  dimensions  give  an  area  of  cross- 
section  at  the  root  of  the  thread  from  20  to  50  per  cent. 
g^reater  than  that  of  the  body  of  the  bar,  and  have  been 
found  to  be  satisfactory  in  actual  practice.  It  is  sekloin 
necessary  in  bridge  work  to  upset  a  round  rod  greater  than 
3  inches  in  diameter,  or  a  square  rod  greater  than  3  inches 
on  a  side. 

H     18.     Hexagon    Nuts. — Table    IV   gives    the    standard 
^^dimensions  and  weights  of  hexagon  nuts,  which  are  com- 
monly used  with  rods  with  screw  ends. 

^H     ExAMPi^. — A  round  rod  2f  inchea  io   diameter  is  required   to  be 
^^  10  feet  long  and  to  have  two  upset  ends,     {a)  What  is  the  diameter  of 

the  screw  end?     (6)   What  is  the  leng^th  of  the  screw  etid?     (r)   How 

lotig  must  the  rod  be  before  upsetting? 

»SoLttTJON.— (d)  Table  III  gives  the  diaraeter  D  o£  the  screw  end 
!for  a  round  rod  2^  in,  in  diameter  as  3  in.     Ans. 

{b}     Table  III  give^  the  length  L  of  the  screw  end  for  the  same  rod 
as  6  in.     Ans. 

c)     Table  IH    j3;ives  the  additional  length   (Jot   rod  necessary  to 
■rn  one  upset  end  as  4j  in.     As  there  are  two  upset  ends,  the  oi^ginal 
snglh  of  the  rod  must  be 

iO  ft.  +  (2  X  4J  in.)  =  10  ft.  8i  in.     Ans. 


FLAT    PLATES 

9.     Areas  niid  Welfrhfs.^Tahle  VI  gives  the  areas  of 

ross-sectign,  and  Table  VII  gives  the  weights  per  linear  foot, 

of  steel  plates  from  -i\i  to  1  inch  in  thickness  and  from  i  inch 

to  100  inches  in  width.     The  tables  contain  the  usual  sizes 

of  plates:  the  areas  and  weights  for  other  sizes  can  be  found 

from   these  very  readily  by  int'^rpolation.     Plates  are  used 

or  webs  and  flanges  of  plate  girders,  and,  in  connection 

with  other  shapes,  for  tension  and  compression  members  in 

^^trusses. 

^V     20.     Extreme    Length*!    of    Plates. — Table   V   gives, 
approximately^  the  greatest  lengths  of  various  siaies  of  steel 
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plates  that  can  be  furnished  by  the  rolling  mills;  these 
lengths  should  not  be  exceeded  in  designing  bridges.  In 
case  plates  are  desired  longer  than  the  lengths  given  in  the 
table,  they  can  be  formed  by  splicing  together  several  pieces 
of  shorter  lengths,  as  explained  in  subsequent  articles.  In 
consulting  Table  V^  if  the  width  and  thickness  desired  are 
not  given  in  the  table,  it  is  necessary  to  use  the  length 
given  for  the  next  greater  width  and  thickness. 

21*     Moments   of  lucrtla  of  Hcctnn|r"Iai'  Sections. 

Table  VI 11  gives  the  values  of  the  moments  of  inertia, 
about  axes  at  right  angles  to  the  width,  of  rectangular  sec- 
tions from  i  to  1  inch  in  thickness  and  from  2  to  60  inches  in 
width.  The  value  for  any  other  thickness  can  be  found 
very  readily  from  those  given  in  the  table.  As  will  be  seen 
later^  this  table  is  extremely  useful  in  calculating  the  proper- 
ties of  compound  or  built-up  shapes. 

Example. — Assuming  a  steel  plate  56  Inches  in  width  and  -j^  inch 
in  thicknessr  {a)  what  is  the  area  of  its  cross-section?  {d)  what  is 
its  weight  per  liflear  foot?  (f)  what  is  the  greatest  length  the  rolling 
mills  can  furnish?  {d)  what  is  the  lvalue  of  its  moment  of  inertia 
about  an  axis  perpendicular  to  the  width? 

Solution.— (a)  As  56  is  not  gfiven  in  the  list  of  widths  tn  Table  VI, 
it  will  be  well  to  consider  the  gi%'en  plate  equivalent  to  two  plales, 
one  of  which  is  W)  in,  aad  the  other  6  in,  in  wiiilh,  From  Table  Vi, 
the  area  of  cross-section  of  a  plate  50  in.  wide  and  ]  ^  in.  thick  is 
found  to  be  34.375  sq,  in,;  and  the  area  of  croj^s-segtion  of  a  plate  ti  ia. 
wide  and  |^  in,  thick  is  found  to  he  4.125  sq.  in.  The  sum  of  these, 
or  3S,5  sq,  in.,  is  the  area  of  cross-section  of  the  j^iven  plate,     Ans. 

(A)  Proceerling  as  in  [a),  we  find,  from  Table  VII^  the  weight  per 
linear  foot  of  a  plate  6  in,  in  width  and  \^  in.  in  thickness  to-be 
l4,iKl  lb.,  and  that  of  a  plate  50  in,  tn  width  and  jj  in,  in  thickness 
to  be  lli5.rt  lb.  The  sum  of  these,  or  130.1)  lb.,  is  the  weight  per 
linear  foot  of  the  given  plate.     Ans. 

(f)  As,  in  Table  \\  5(j  is  not  given  in  the  list  of  widths^  nor 
|i^  in  the  list  of  thicknesses,  the  next  greater  width,  In  this  case  tiO  in., 
and  the  neit  greater  thickness,  in  ihts  case  J  in.,  are  looked  for.  The 
length  corresponding  to  this  width  and  thickness  is  W  fl,  TheD,30ft< 
is  approximately  the  longest  Mi"  x  }  ^,"  plate  that  can  be  had. 

{d}  Consultln^r  Ttihle  VlIT,  ihe  value  10,<)HI  for  the  m<»nient  of 
inertia  is  found  opposite  a  width  of  .')«  in,  and  below  a  tliickness  vi 


]  ,i  in.     Ans. 
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^B  22i  Properties. — Table  IX  gives  the  dimensions,  areas 
of  cross-section,  vveiy:hts  per  linear  foot^  and  other  useful 
properties  of  standard  angles  having  equal  legs;  and  Table  X 

■  gives  the  same  properties  of  angles  having  unequal  legs. 
In  bridge  work,  anfi:les  are  employed  more  than  any  other 
single  shape^  with  the  exception  of  plates,  and  are  used  for 
flanges  of  plate  girders^  members  of  lateral  trusses,  and,  in 
connection  with  other  sections^  for  many  built-up  tension  and 
compression  truss  members.     The  smaller  sizes  of  angles, 

t  especially  those  having  legs  less  than  23  inches  in  width,  are 
never  used  except  for  unimportant  details. 
An  angle  is  usually  referred  to  by  a  product  of  three  num- 
bers, the  first  two  of  which  express  the  widths  of  the  legs, 
and  ihe  other  the  thickness.  Thus,  an  8"  X  8''  X  V  angle 
is  an  angle  each  of  whose  legs  is  8  inches  wide  and  whose 
ft  thickness  is  J  inch;  a  6  "  X  4"  X  V  angle  is  an  angle  one  of 
whose  legs  is  6  inches  widCt  the  other  4  inches,  and  whose 
thickness  is  h  inch.  In  the  case  of  unequal-leg  angles,  the 
width  of  the  wider  leg  is  usually  written  or  named  first,  as 

tin  the  example  just  given. 
The    symbol   L   is  commonly  used  for  angU,  and  [*   for 
angles.      Thus»  2  U  6"  X  4"  X  h"  means  two  B"  X  4"  X  V 
angles. 


S3i  Actual  Size  and  Nominal  Size  of  I^egs,— Angles 
are  made  by  heating  and  rolling  steel  billets.  The  finishing 
process  consists  in  passing  the  steel  through  special  sets  of 
rolls  that  give  it  the  required  angular  form.  Each  one  of 
these  sets  of  rolls  is  used  for  angles  of  various  thicknesses 
and  of  approximately  the  same  width.  In  the  construction 
of  tables,  these  widths  are  considered  to  be  all  equals  and  to 
have  a  common  value  equal  to  the  actual  width  of  the  thin- 
nest angle  for  which  that  set  of  rolls  is  employed.  This 
width,  for  angles  other  than  the  thinnest,  is  called  their 
nomluui  ^vtdth,  to  distinguish  it  from  their  actual  width. 
For  the  purposes  of  selecting  angles  in  the  general  design 
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of  members,  the  noiisinal  width,  which  is  smaller  than  the 
actual  width,  is  usedj  the  error  is  small,  and  on  the  side  of 
safety.     For  detailin£f>  making  connections,  etc.,  it  is  nece 
sary  to  take  into  account  the  difference  between  actual  an 
nominal  widths. 


1 


24,  Table  XI  gives  the  thicknesses  of  angles  for  which  the 
acMia]  width  ia  equal  to  the  nominal.  Opposite  a  width  of 
5  in.  X  3  in*,  for  example,  are  found  the  thicknesses  A  and  J- 
This  means  that  there  are  two  sets  of  rolls  for  rolling  5"  X  3" 
nngles:  the  thinnest  angle  that  is  rolled  with  one  of  these 
sets  is  T^B  inch  thick;  the  actual  widths  of  the  legs  of  those 
angles  are  5  and  3  inches.  The  same  set  of  rolls  is  used  for 
nngles  whose  thicknesses  lie  between  A  inch  and  i  inch;  but, 
although  these  angles  are  called  5''  X  3"  angles*  they  are  a 
little  wider  than  indicated  by  those  figures.  Likewise,  th 
smallest  thickness  rolled  with  the  other  set  of  rolls  is  i  inch, 

for  which  the  actual 
widths  are  5  and  3 
inches;  for  greater 
thicknesses,  the  actual 
widths  are  slightly 
greater. 

Fig.  1  ia)  shows 
cross-section  of  a 
8"  X  S''  X  f'  angle. 
According  to  Table  XI,  these  are  actual  dimensions,  since 
the  angle  has  the  minimum  thickness  for  which  the  rolls  are 
used.  For  an  8"  x  8^''  X  1"  angle,  the  same  rolls  are  used, 
and  are  set  i  inch  farther  apart  to  allow  for  the  increase  in 
thickness.  The  result  is  shown  in  Fig.  1  {d},  the  increase 
being  shown  by  section  lines.  The  actual  size  of  this  angle 
is,  then,  81-  in.  X  8i  in.  X  1  in.,  although  it  is  called  an 
8"  X  8^'  X  1"  angle.  In  general,  the  actual  width  of  an  angh 
can  be  obtained  from  the  nominal  width  by  the  following 

Rule, — Add  to  the  nominal  width  the  difference  between  th^ 
given  thickness  and  the  next  smal/er  thtckjress  for  thai  u'idti\ 
given  in   Table  A'A 


,^ 


PfQ.   1 


iy 
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For  example,  the  actual  size  of  a  6"  X  4"  X  I"  angle  is 
6t*i!  in,  X  4A  in^  X  J  in.,  since  the  next  smaller  thickness 
given  in  Table  XI  is  A  inch,  and  the  difference  between 
.J  and  "iV  is  A  inch. 

*  2o»  L.OL>H?lou  of  Guu§;e  I^Int's*— Angles  are  connected 
to  each  other  and  to  other  shapes  by  rivets,  the  centers  of 
which  are  located  on  lines,  called  ^ati^i'  linos,  parallel  to 
the  edges  of  the  angles.  In  aome  cases*  the  rivets  are 
located  on  one  line,  in  others,  on  two,  and  sometimes,  in 
S-inch  legs,  on  three  lines.  Table  XII  gives  the  standard 
distances  from  the  g:auge  lines  to  the  edj^etj  of  the  angles, 
together  with  the  diameters  of  the  largest  rivets  that  can 
conveniently  be  driven  into  the  leg. 


CHANNELS 

26.  Channels  are  extensively  used  for  chord  members, 
compression  web  raembersj  and  columns  for  xHaducts. 
Table  XIII  gives  the  dimensions,  areas  of  cross-section, 
weights  per  linear  foot,  and  other  useful  properties  of  chan- 
nels varying  in  depth  from  3  to  15  inches.  The  sizes  given 
in  bold-faced  Type  are  called  t?tnn(1nrd  chniiuelK,  and  are 
kept  in  stock  by  rolling  mills;  the  others  are  rolled  to  order. 
Delay  is  sometimes  caused  in  the  work  if  any  but  standard 
channels  are  ordered^  particularly  when  the  rolling  trills  are 
busy. 

SJ7.  Unlike  angles^  channels  are  not  designated  by  the 
width  and  thickness,  but  by  the  depth  and  weight  per  linear 
foot.  For  instance,  a  124nch  So^pound  (I2"-25*)  channel 
is  a  channel  12  inches  deep  and  weighing  25  pounds  per 
linear  foot. 

The  symbols  C  a^id  E  ^^^  used  for  tiiafmri  and  cAartnehy 
respectively.  For  example,  8-r2"-2ii#  f^  means  three  chan- 
nels each  12  inches  deep  and  each  weighing  25  pounds  per 
linear  foot. 

From  Table  XIH,  any  otlier  dimension  can  be  found  when 
the  depth  and  weight  are  given;  thus,  the  area  (jf  L-ross-sectton 
of  a  12«inch  2o^pound  channel  is  found  in  column  3  to  be 
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7,35  square  inches;  the  thickness  of  web,  .39  inch,  is  f( 
in  column  4;  the  width  of  flange,  3.U5  inches,  in  column  5;  etc 
Columns  13  to  16  are  very  useful  in  working  up  connectitia 
when  detailing.  Column  17  gives  the  minimum  distance 
between  two  channels  of  the  same  size,  in  order  that  the 
radius  of  gyration  of  the  two  acting  together  shall  not  be 
less  than  that  given  in  column  8  for  one  channel  alone. 


4 


1    BEAMii 

28-  BfmeTislons  nml  Propertfcs. — I  beams  are  exten 
sively  used  to  span  small  openings  for  both  railroads  and 
bighw^ays,  for  the  stringers  and  fioorbeams  of  highway 
bridges,  and  for  columns  supporting  elevated  railroads. 
Table  XIV  gives  the  dimensions,  areas  of  cross-section, 
weights  per  linear  foot,  and  other  useful  properties  of  I  beams 
varying  in  depth  from  3  to  24  inches.  The  sizes  given 
in  bold-faced  type  are  called  htatidat'd  I  bt?ains,  jtnd  are 
kept  in  stock  by  the  rolling  raillsr  the  others  are  rolled  to 
order.  . 

29,  I  beams,  like  channels,  are  designated  by  the  depth' 
and  weight  per  linear  foot.  For  instance,  a  2(Vinch  SO-pound 
(2(y^-80^  )  I  beam  is  a  beam  20  inches  in  depth  and  weigh- 
ing 80  pounds  per  linear  foot. 

30.  Cast-iron  Separators  or  Spacers. — When  I  beams 

are  used  for  small  spans  under  a  railroad  tracks  it  is  some- 
times desirable  to  place  two  or  three  beams  of  the  same 


4 


Fio*  2 


depth  close  together  under  each  rail.  In  such  a  case,  some 
device  is  necessary  to  make  the  beams  work  together  and 
maintain  a  uniform  distance  apart.     This  is  accomplished  by 
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placing  between  ihe  I  beams  cast-iron  s|m<H«rs,  or  soimra- 
torSf  and  bolting  ihem  in  place  with  b*>Us  passiui;  ihitiuch 
the  spacers  aod  beams.  Fig,  2  {a)  shows  u  cross-scciion  of 
two  I  beams  connected  in  this  way,  and  Figf.  2  (^)  ^ho\vs 
three  I  beams  connected. 

The  dimensions  and  weights  of  the  usual  forms  of  aepnra- 
'tors,  or  spacers,  are  given  in  'I'able  XV. 
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OTUKR    SHAPES 

31*  Z  Bars. — Z  bars  are  used  m  connection  witli  plates 
for  columnst  and  in  fioors  of  bridges  when  soHd  steel  floors 
are  necessary.  Table  XVI  gives  the  dimensifins.  areas  uf 
cross-section,  weights  per  linear  foot,  and  other  useful  ]ni>p- 
crties  of  Z  bars  varying  in  depth  from  3  to  6  inchea.  A  Z  liar 
is  designated  by  giving  nil  the  widths  and  the  thickness,  the 
latter  being  written  or  named  last;  as  a  3i"  x  5''  X  3i  "  X  A*" 
Z  bar. 

32<  T  Rails* — It  is  frequently  desirable  to  know  the 
properties  of  T  rails,  so  that  the  strength  can  be  deter- 
mined in  cases  where  they  are  subject  to  unusual  ntrcHHci*. 
Table  XVIII  gives  the  weights  per  yard,  dimensions,  and 
properties  of  American  standitrd  rail  sections.  It  is  cuHtom* 
ary  to  designate  rails  by  the  weight  per  linear  yard;  thus,  a 
90-pound  rail  is  a  rail  that  weighs  IX)  pounds  per  yard. 
When  second-hand  rails  are  used,  proper  allowance  muftt  be 
made  for  the  decrease  la  section  due  to  wear  and  nisi. 


BSDUCTIDN  OF  IVCnEfl  TO  DRCIHAlJ»  OF    1    KOOT  OB   t%Ca 

^  33*  Table  XVn  la  very  tueful  for  converttog  ioches 
into  decimal  fractions  of  1  foot,  and  for  converting  into  deci- 
mal fractions  the  usual  fractional  dirisKms  of  J  inch.  The 
last  column  on  the  right  contains  the  decimal  equtvalcttts  oi 
the  common  fractions  in  the  column  immediately  precediof 
it.  The  irarobers  in  the  extreme  left  column  are  fractions  of 
an  inch;  those  at  tiie  top  of  the  other  cohtnms  represeflt 
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whole  inches;  and  those  in  the  body  of  the  table,  decimals 
of  a  foot,  each  of  those  decimals  corresponding  to  the 
number  of  inches  denoted  by  the  number  at  the  top  of  the 
column,  plus  the  fraction  in  the  left-hand  column,  horizontally 
opposite  the  decimal  in  question.  Thus,  the  decimal  of  a 
foot  corresponding  to  lOA  inches  is  .8594,  found  in  the 
column  headed  10,  and  horizontally  opposite  the  fraction  A 
in  the  first  column.  ^__„ 

EXAMPLES    rOR    PRACTICE 

1.  What  is  the  weight  of  a  piece  of  steel  8.5  feet  long,  if  the  area 
of  cross-section  is  6.7  square  inches?  Ans.  193.63  lb. 

2.  A  square  steel  rod  1^  inches  on  a  side  is  required  to  be  15  feet 
long  and  to  have  two  upset  screw  ends.  Find,  from  the  tables:  {a) 
the  diameter  of  the  upset  end;  {d)  the  length  of  rod  before  upsetting; 
(r)  the  weight  of  two  hexagon  nuts  for  this  rod. 

f(a)2jin. 
Ans.|(d)  15  ft.  10}  in. 
[{c)   19.60  1b. 

3.  A  steel  plate  has  a  width  of  45  inches  and  a  thickness  of  -^  inch. 
Find,  from  the  tables:  (a)  the  area  of  cross-section  of  the  plate; 
(6)  the  weight  per  linear  foot;  (r)  the  greatest  length  the  rolling  mills 
can  furnish.  i{a)  25.31  sq.  in. 

Ans.  I  id)  86.0t>lb. 
1(0   -10  ft. 

4.  Find,  from  the  tables,  the  actual  dimensions  of  anji^les  the  nom- 
inal dimensions  of  which  are  as  follows:  (a)  SA  in.  X  '-^i  in.  X  ta  i^-I 
(d)  6  in.  X  3^  in.  X  i  in.;   (r)  6  in.  X*  in.  X  H  »"•:   (</)  '"»"•  X  3i  in. 

(ij)  ;j^  in.  X3|  in.  X  ro  in. 


X  1  i  in 


Ans. 


(b)   (i^  in.  X  3t  in.  X  i  in. 
(r)   (iJ  in.  X  (»i  in.  X  Ig  in, 
id)   7  A  in.  X3ii  in-  X  |i 


5.     Find,  from  the  tables,  the  decimal  parts  of  a  foot  equivalent  to: 
(a)   1^  inches;    [d)  2j  inches;    (c)  5j  inches;    {d)   11^1  inches. 

)ia)  .V2nO 
id)  .221iL> 
ic)  .4WHi 
{d)    .»>-V)7 

0.     Find,  from  the  tables,  the  decimal  parts  of  an  inch  equivalent  to; 
(a)  -Jir  inch;    (d)   lv',r  inches;    {c)  'Jjf  inches. 

Ans. 


\(a]    .21SS 
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RIVETS 


IIP 

^K     34.     Introduotory. — The  rolled  shapes  that  have  been 

^■described    in   the  preceding:    articles  are   connected   to   one 

another    and   to  other    shapes    by    means    of   rivets,    those 

most   commonly  used   in    bridge  work    varying    from    i    to 

»1  inch  in  diameter.  Circular  holes  I's  inch  larger  in  diam- 
eter than  the  rivets  are  first  punched  or  drilled  in  the  shapes 
that  are  to  be  connected;  the  shapes  are  then  placed  on  one 
another  so  that  the  holes  come  in  line;  and  heated  rivets 
are  inserted  in  the  holes.  As  soon  as  a  rivet  is  inserted, 
and  before  it  ha^  time  to  cool,  the  protruding  end  is  ham- 
mered or  pressed  until  the  rivet  completely  fills  the  hoJe^ 
when  a  head  is  formed  by  tools  specially  adapted  to  that 
purpose. 


t 


33,     FuU  anil  Countersunk  Heads. — Each  rivet,  before 
driving,  has  one  head,   as   represented  in  Fig.  3   {a}.       In 
ig-  3  (^)  is  shown  a  rivet  inserted  in  the  hole  and  ready 
or  driving;   Fig.  3  if)  shows  the  rivet  when  partly  driven; 
rflnd  Fig.  3  Id)  shows  it  when  completely  driven  and  finished, 
with  the  other  head  formed.     This  style  of  rivet  is  called  a 
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buttoii-bcml  rivL't.     The  rivet  repiesented  in  Fi^-  3  (f/)  is-| 
said  to  have  two  Tiill  hi'iiil^. 


Will 


•bjecii 


ible,  foi 


I  he  head 


\f  reason,  to  m 
protrude  beyond  the  surfaee  of  the  metal,  oce  or  both  ends 
of  the  hule  are  enlarg:ed  to  a  conical  form,  and  a  shorter  rivet 
is  used,  which  is  made  just  long  enoiiiih  to  fill  the  eularfied 
hole,  as  represented  at  the  right  end  of  the  rivet  in  Fig,  :!  (('). 
Owing  to  the  difficulties  of  manufacture,  such  a  head  will 
usually  project  about  »  inch  beyond  the  surface  of  the 
metal.  This  form  of  head  is  called  a  eouiU*.'i-^unk  hvaUf 
and  .the  rivet,  a  coiiutersiiiik  rivet.  It  is  sometimes; 
desirable  to  use  two  eoimtersunk  heads,  one  at  each  end  of 
the  rivet. 

36.  DinieiisLons  of  Heads.— Table  XIX  gives  the  usual  1 
dimensions  of  button  and  countersunl^  heads  for  rivets  from 

a  to  1  inch  in  diameter*  In  ca,se  the  heads  are  too  high,  and 
it  is  not  desired  to  use  countersunk  hends,  they  may  be  flat- 
tened by  hammering  when  hot  to  a  height  of  \,  \,  or  1  inch. 
If  it  is  desired  at  any  point  that  n  countersunk  head  should 
not  project  at  all  beyond  the  surface  of  the  metal,  it  mijst  bc 
planed  or  chipped  oft  with  a  chisel. 

37.  Dimensions  and  VVelirhtH.— The  distance  from 
the  under  side  of  the  head  to  the  end  of  the  rivet  before 
driving,  as  represented  in  Kig.  3  (a J,  is  called  the  If^ug-tht 
the  cylindrical  portion  of  the  rivet  is  called  Ihe  sliuuk;  and 
the  thickness  of  metal  between  the  beads,  as  represented  in 
Fig.  3  [b] ,  is  called  the  tcrlp.  Table  XX  gives  the  addi 
tional  length  of  shank  required  to  form  a  head  for  rivei 
from  J  to  I  inch  in  diameter  and  for  grips  of  from  i  inch  to 
G  inches.  Part  of  this  additional  len^rth  is  utilized  in  filling 
the  rivet  hole  whose  diameter  is  Z>',  Fig.  3  (^),  and  th 
remainder  in  forming  the  head.  On  account  of  the  necessity 
of  tilling  the  hole,  a  greater  additional  length  is  required  for 
long  grips  than  for  short  grips. 

To  obtahi  the  length  of  rivtf  required  hr  a  gh^en  grip  tin 
iiitimfter  of  n'zvf^  add  to  ihe  grip  ihe  addiitortal  ievgth  given  i 
Table  XX  ioi  thai  rivti  corresponding  to  (hat  grip. 


« 
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For  example,  if  a  l-iach  rivet  has  a  grip  of  3i  inches,  then, 
to  form  a  button  bead,  since  the  additional  length  corre- 
sponding to  a  grip  of  3i  inches  for  a  I-inch  rivet  is  given  in 
Table  XX  as  IJ  inches,  the  length  before  driving  should  be 
3}  +  1 1  =  5i  inches^  and  to  form  a  countersunk  head, 
3i  ^.  1   =  4i  inches. 

The  weights  of  button  heads  for  rivets  from   i  to  1   inth 
Bin  diameter  are  given  in  Table  XXI.    The  weights  of  shanks 
can  be  found  by  the  use  of  Table  L 

ExAairLE.^To  find  the  weight  of  125  rivets  ^  inch  in  diameter, 
having  a  ^tip  of  2^  inches,   if  both   ends  are   to  have  button  heads. 

■  Solution, — ^The  additional  length  of  shank  required  to  form  a 
buttoQ  head  on  a  ^'\d.  rivet  having  a  grip  of  i|  in.  is  given  in 
Table  XX  as  l|  in.;  then,  the  length  before  driving  will  be  2§  +  ij 
=  4i  in.,  or,  by  Table  XVIf,  .S5-12  ft.  Table  1  gives  the  wefp^ht  per 
linear  foot  of  a  round  rod  J  in-  in  diameter  as  2.04  lb.;  then,  the 
weight  of  the  rivet  shanks,  since  there  are  125  rivets,  is 

•  V:m  X  .3542  X  2.04  =  IKJ.32  lb. 

Table  XXI  gives  the  weight  of  100  button  heads  for  if-in.  rivets  as 


16.7  lb.;  then,  the  weight  of  125  heads  is  |J^  X  16.7  =  20.88  lb. 
total  weight  of  the  rivets  is 

90.32 -f- 20.88  =  111.20  lb.    Ans. 


The 


I 


38,  Conventional  &Ifj;ns  for  Riveting* — -Those  rivets 
that  are  driven  where  the  bridge  is  manufactured  are  called 
6bo|>  plveta;  those  that  are  driven  where  the  bridge  is 
erected,  field  rivets.  Table  XXIIt  [a)  and  id)  shows  the 
conventional  signs  u&ed  in  pi-eparing  drawings  to  indicate 
where  the  rivet  is  to  be  driven  and  what  type  of  head  is 
desired.  By  this  slde^  out&lile,  or  iteBf  i^Ide  is  meant 
the  surface  shown  uppermost  on  the  drawing,  or  the  upper 
side;  by  other  side.  Inside,  or  far  side  is  meant  the  sur- 
face opposite  that  shown  uppermost »  or  the  under  side. 
Both  of  these  systems  are  standard  in  different  offices;  that 
shown  in  Table  XXIII  (a)  is  the  American  Brldgje  Cotn- 
pawy^fs  standard;  that  shown  in  Table  XXIII  (d)  is  called 
the  Osborin"!  >tiind(ii'd. 

39.  Ulvrt  I'lteli. — The  distance  between  the  centers  of 
Iwo  consecutive  rivets  in  the  same  row  is  called  the  pitch 
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of  the  rivets.  If  there  is  one  row*  as  in  Fig.  4  (a),  the  pitch 
is  the  distance  between  two  rivets  in  the  same  row;  if  there 
are  two  rows,  as  represented  in  Fig".  4  (^),  the  pitch  is  the 
distance  between  two  consecutive  rivets  in  alternate  rows, 

measured  parallel  to 


T 


-a^ 


X-P 


-d 


fa/ 


■f 


^ 


-e- 


^ 


1 


the  gauge  lines.  The 
pitch  is  marked  p  in 
Fig.  4. 

In  spacing  rivets 
along  gauge  lines*  it 
is  customary  to  make 
the  pitch  unifonn, 
that  is,  to  have  a3 
many  spaces  of  the 
same  length  together 
as  is  convenient.  In  specifying  the  number  of  spaces,  pitch, 
etc.,  it  is  customary  to  write  first  the  number  of  equal  spaces, 
then  the  pitch,  and  finally  the  distance  covered  by  those 
equal  spaces  [see  Fig.  4  {^)]. 

Table  XXII  gives   the  total  distances  covered  by  equal 
spaces  from  Is  to  6  inches,  and  from  2  to  32  in  number. 


4 


\^p+ 


Pig.  4 
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EXAMPLES    FOR    PRACTICE 

1.  Find  the  total  length  of  shank  required  to  form  a  button  he&d 
for:  [a)  h  J-int'b  rivet  ha%'jng  a  grip  of  2  inches;  (*)  a  J-ioch  rivet 
having  a  grip  of  3 J  inches;  {c)  a  l-iocb  rivet  having  a  ^rip  of 
3|  inches,  \{a)  '^^  in- 

Ans.    {b)  4^  in. 
(r)  5|  in. 

3.  Find  the  total  leng^th  of  shanlc  required  to  form  one  counter- 
sunk head  for:  {a)  a  ^-ioch  rivet  having  a  grip  of  l\  inches;  (A)  a 
J-inch  rivet  having  a  grip  oi  t\  inches.  J  {a)  3|-  in. 

^°*i(*)   31  in. 

3.  Find  the  weight  of  245  rivets  -J  inch  in  diameter  and  having  a 
grip  of  2J  inches:  Ci^)  if  both  ends  have  button  heads;  {b)  if  one  end 
lias  a  countersunk  head.  a       J  (a)  HI  lb. 

It^^)  132  1b. 

4.  Find,  from  Table  XXIi,  the  total  distances  covered  by  the 
fitllowing  niambers  of  equal   spates:   in)  eleven  si>aL:es  at  ; 
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\d\  seventeen  spaces  at  SJ   inches;   (c)  twenty   spaces  at  3j   inches; 
[d]  twenty-seven  spaces  at  4-J  inches;  {€)  thtrty=ooe  spaces  at  3  j  inches. 

{a)  2  ft,  7|  in. 

id)  4  ft,  9f  in. 
Ans.-^  (r)    &  £t.  2^  in. 

{d}  10  ft.  8|  in. 

(f)   y  ft.  i  in. 


BUIL.T-UP  SHAPES 

40.  The  simple  shapes  that  have  been  explained  and 
tabulated  in  the  preceding  pages  are  seldom  used  alone  for 
bridge  members;   they  are  usually  employed  in  connection 

ith  other  shapes,  the  several  parts  being  thoroughly  con- 
nected and  riveted  together  so  as  to  act  as  a  single  shape. 
Such  combinations  are  called  bulU-upi  or  eumpouiifU 
shapes,  the  same  names  being  applied  to  members  formed 
with  them.  The  methods  of  connecting  the  diflferent  parts 
of  a  built-up  shape  will  be  treated  later. 


TWO    ANGLES    BACK    TO    BACK 

Angles  are  frequently  used  in  pairs,  the  backs  being 
[placed  either  together  or  parallel  to  each  other  and  a  short 
[distance  apart.  When  two  angles  are  used  for  a  corapres* 
(fiion  member,  it  is  necessary  to  know  the  radii  of  gyration 
of  the  shape  about  two  axes  passing  through  the  center  of 
gravity^  one  at  right  angles,  and  the  other  parallel  to  the 
adjacent  backs  of  the  angles.  Tables  XXIV,  XXV,  and 
XXVI  give  the  radii  of  gyration  about  the  two  axes  passing 
through  the  center  of  gravity  of  the  section,  for  pairs  oi 
angles  when  placed  in  contact  and  also  at  distances  of  i»  i, 
and  J  inch  apart,  respectively.  Only  values  for  the  maxi- 
mum and  minimum  thicknesses  of  angles  are  given;  those 
tor  any  intermediate  thickness  can  be  found  by  interpolation. 

Example.— To  find,  from  Table  XXIV,  the  radius  of  gyratioa 
about  an  aiis  parallel  to  the  adjacent  backs  of  two  6"  X  6"  X  ^^'  angles 
placed  I  inch  apart. 

Solution. — It  is  founri,  from  the  table,  that  the  required  radius  of 
[gyration  for  tv.-o 6"  X«"  X  J^'aagles  is2,58irv.,  and  for  iwoa"  X  B"  X  1" 
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angles,  2.68  in.     The  difference  in  the  thickness  of  these  angles  is  ^,  or 
{^,  ia.»  Bad  the  difference  between  the  radii  of  gyration  is  2.A8  —  2.56 

=  ,10  in,,  or  '  ^  =  .01  for  each  -^  inch  increase  (n  the  thickness  ol  the 

angle,     The  difference  between  the  njiutraum  thickness,  f  inch,  and 

that  of  the  angles  that  are  to  be  usefl,  |  inch,  is  /i,;  then,  the  increase 

in  the  riidius  of  gyration  t.s  .01  x  4  =  .04,  and  the  required  radius  is 

2.58  +  .04  =  2.U2  in.     Ans. 


42. 


OTHER    BUILT-UP    SnAPSS 
^tandnrcl     Forms.'— Fig.    5    shows    the    forms 


5     0^^ 


built-up  yhapes  in  most  comnion  use.  Forms  {a}  to  if)  are 
composed  of  plates,  angles,  and  channels,  arranged  as  shown, 
and  are  used  for  upper  chords  and  end  posts.  The  vertical 
plates  are  called  the  web-x>latt^s;  the  angles  that  connect  to 
tbeir  edge&f  the  TlBug^s;  and  the  horizontal  plate  at  the  top, 
the  cover-plate. 

Forms  (/)  to  (/)  are  composed  of  simple  shapes,  arranged 
symmetrically  as  shown,  and  are  used  for  lower  chords  andi 
web  members  of  trusses,  and  for  columns  in  trestle  bents. 
Forms  (w)  and  (m)  are  composed  of  channels  and  I  beams 
arranged  symmeincally,  and  are  used,  to  some  extent,  for 
columns  for  elevated  railways. 

43*     Properties.— When  a  built-up  shape  is  used  for  a 

compression  member,  it  is  necessary  to  know  the  area  of 
cross-section,  and  also  the  radii  of  gyration  about  two  axea 
passing  through  the  center  of  g^ravity  of  the  cross-section, 
one  of  which  is  parallel  and  the  other  at  right  angles  to  the 
webs.  The  area  of  cross-section  can  be  readily  found  by 
adding  together  the  areas  of  cross-section  of  the  different 
parts  of  which  the  shape  is  composed.  The  location  of  the 
center  of  gravity  can  be  determined  by  the  principles  of 
statics,  as  explained  in  Analytk  Siatifs^  Part  2,  and  the  radii 
of  gyration  can  he  found  as  explained  in  Sirttig^ift  of  A/akna/s, 
part  2.  There  is  so  great  a  variety  of  built-up  shapes  that 
it  is  diflficult  to  prepare  tables  covering  all  the  cases  that  are 
likely  to  occur  in  practice.  In  any  particular  case,  the 
required  quantities  must  be  determined  by  calculation 
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44,  In  order  to  find  the  radius  of  gyration  of  a  section 
with  reference  to  any  axis,  it  is  necessary  to  know  the 
moment  of  inertia  of  the  section  about  that  axis.  As 
explained  in  Streiigih  of  Materials^  Part  2,  the  moment  of 
inertia  of  a  plane  surface  about  an  axis  in  the  same  plane 
and  not  passing  through  the  center  of  'Gravity  of  the  surface 
is  equal  to  the  sum  of  the  moment  of  inertia  of  the  surface 
about  an  axis  through  its  center  of  gravity  parallel  to  the 
given  axis,  and  the  product  of  the  area  of  the  surface  and 
the  square  of  the  perpendicular  distance  from  its  center  of 
gravity  to  the  given  axis.  If  /,  represents  the  moment  of 
inertia  of  a  surface  about  an  axis  not  passing  through  its 
center  of  gravity,  /,  its  moment  of  inertia  about  an  axis 
through  its  center  of  gravity  and  parallel  to  the  first  axis. 
At  the  area  of  the  surface*  and  y,  the  perpendicular  distance 
from  the  center  ol  gravity  of  the  surface  to  the  first  axis, 
then,  A  =  h-\-A.y: 

If  /  represents  the  moment  of  inertia  of  a  surface  com- 
posed of  several  smaller  surfaces,  and  //,  /,",  //",  etc. 
represent  the  moments  of  inertia  of  the  smaller  surfaces 
about  the  same  axis,  then 

/  =  //  +  IJ'  +  A'''  +  ,     .     . 
or,  letting  -A  represent  the  sum  A'  H-  A"  +  A"'  +   . 

/=:i'A  (!) 

Also,  substituting  for  A  its  value  A  H-  A^yx^n 
/=  2' (A +  -4. J/)  (2) 

Example  t.— A  built*up  section,  arranged  as  shown  in  Fig.  6, 
coiDpOE^i:!  of  trie  following  simple  sections:  one  cover-plate  26  in. 
X  i  in.;  two  upper  flange  angles  4  in,  X  4  ia.  X  |  in,;  two  web- 
plares  30  !□.  X  |  in.;  and  two  lower  flange  angles  6  m.  X  *  in-  X  |  in. 
To  find;  \a)  the  area  of  the  section,  aad  the  Eoealion  of  the  twg 
axes  V  y.  parallel,  and  X*  X^  perpendicular,  to  the  web?,  aad  passiof^ 
through  the  center  of  gravity  of  the  section;  (*)  the  moment  of  inerliu 
about  each  of  these  axes;  (r)  the  radius  of  g:yratioii  referred  lo  each 
of  the^  axes. 

MoTK."The  viri-tfcnl  dlf^l'iLTice'  from  the  top  surface  of  the  upptr  flaQRC  flntl*  (o  tlie 
bottorn  aurfftce  of  the  fowcr  HAOse  AnirTc.  2qJ  InchcA  In  Fi£,  f^.  K  called  riic  cti-iUiDi-e 
bBClc  to  tiHck  of  nnifleH,  nnd  in  madfi  1  inch  tmsalnr  than  th@  width  <tf!hvi*«lv 
pIfttB.  to  allow  for  {rTe!,:u1iir{tipa  In  the  latter.  The  hoH^oDtal  di?itjiTicc'  beiweva  th* 
Wflb-pUtei.  Vt  Indies  In  Pif.  S.  it  called  tbo  cloar  <3l»c«n«v  betweoa  weba. 
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Solution.— {flj   Ab  the  section  is  Kyrainetrical  about  the  axis  >"  K, 

lalf  way  between  the  webs»  the  center  of  gravjfy  lies  on  this  axis.    As 

le  section  is  not  symmeincal  abr>ui  any  axis  at  right  angles  to  V  K, 

the  location  oi  the  aJtis  A''  .V,  perpendicular  to  V  V,  must  be  found  by 

ciilcniation*     The  areas  of  cToss-section  and  the  location  of  centers  of 

gravity  of  the  simple  ^ectU^ns  will    be  taken   from    the    tables,     As 


moments  may  be  taken  about  any  aatis,  it  will  be  convenient  to  take 
thera  about  an  axis  passing  through  the  center  of  the  cover-plate. 
The  lever  arms  are  shown  at  the  right-hand  side  in  Fig.  B.  For 
example,  the  distance  fmm  the  back  of  a  V*  X  4"  X  i"  angle  to  the 
center  of  gravKy  is  given  in  Table  IX  as  1.23  in,;  then,  its  lever  arm 
is  equal  to  the  sum  of  1.!^^^  and  one-half  the  thickness  of  the  cover- 
plate,  or  1.23  -|-  .25  =  1,48  in,;  similarly  for  the  other  simple  sections. 
The  calculation  is  as  follows: 


I 
I 


SECTION  3 

One  plate  2tiin.  X  i^ia. 
Two  angles  4  in.  X  4  in.  X  iin. 
Two  plales  *i*>  in.  X  |  in. 
Two  angles  6  in,  X4in.  X  fin. 

Total, 


Area  From 

Tablks  Levhe 

Square  Inches  Aru 

=  13,00  0 

2  X  iM  =    «.22  L48 

2X  l^^.ft  ^  aS.QI)  J0,3H 

2  X5.86  »  11.72  1B.47 


Moments 

0 

ia.65 

259.60 

228.19 

-^1.34 


Dividing  the  rotal  tnnment  (501.34)  by  the  entire  area  (68.94)  of  the 
section  gives  501. :!4  -r  5S.94  —  8,51  in.  from  the  center  of  the  cover* 
plate  to  the  axis  A'' A'.  Then,  8.51  -  .25  =  R-2B  in.  ts  the  distance 
from  the  axis  A''' Xto  Che  back  of  the  upper  Hange  angles,     Anf^, 
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(<^)     The  moment  of  inertia  about  the  axis  V  K  will  first  be  fonod. 
The  lever  arms  y^  are  plainly  shown  in  Fig.  6. 

One  Plate  26  in,  X  i  in. 

A  (Table  VIII) -      7  3  2.3 

^,V  =  13X0X0 =  0 

Two  Angles  4  in.  X  4  in.  X  f  in. 

/,  (Table  IX)  =  2  X  0.66 =         1  3.3 

^.V  =  9.22X9.36* =      8  0  7.8 

Two  Plates  20  in.  X  f  in. 

A  =  2X-iVx20X  (!)•       =-  .8 

A^y  =  25  X  7.81' =  1  6  2  4.9 

Two  Angles  6  in.  X  4  in.  X  f  in. 

/,  (Table  X)  =  2  X  21.07 =        4  2.1 

A^y*  =  11.72X10.16" «  1  2  0  9.8 

Moment  of  inertia  about  V  V =4331. 0  Ans. 

The  moment  of  inertia  about  the  axis  X'  X  will  now  be  found.    The 
lever  arms  y^  are  shown  at  the  left-hand  side  in  Pig.  6. 

One  Plate  26  in.  X  i  in. 

/.  =  -rVx26x(i)'      -  .3 

A^y^*  =  13X8.51* «    9  4  1.5 

Two  Angles  4  in.  X  4  in.  X  f  in. 

A  (Table  IX)  «  2X6.66 =        13,3 

A,y^*  =  9.22X7.ftS' ==4  5  5,7 

Two  Plates  20  in.  X  |  in. 

/,  (Table  VIII)  =2X416.67 =    8  3  3.3 

A,y^'  =  25.0  X  1.87' =        8  7.4 

Two  Angles  6  in.  X  4  in.  X  f  in. 

A  (Table  X)  =  2  X  7.52 =         1  5.0 

W.jV.'  =  11.72  X  I0.9()» =14  0  7.8 

Moment  of  inertia  about  A'' -V =37  5  4.3  Ans. 

[c)     The  radius  of  gyration  is  found  bythe  formula  ^  =  \j-j'     If  '> 

and  rr  are  the  radii  of  gyration  about    V  V  and  A'' A',  respectively, 

this  formula  ^ives 

/4,:wi7o 


'      ^  ^s.m 


=   V7:t.48  =  8.57  in-     Ans. 


rj, 


=  yl'\l^'lf  =   ^'*i^^■"70  =  7.08  in.     Ans. 


Examplk  2. — A  built-up  section  is  composed  of  two  web-plates 
15  in.  X  2  '"••  *'^*i'l  four  flange  an>^les  i  in.  X  4  In.  X  '.  in.,  arranj^ed  as 
shown  in  Fig.  7.     To  find;     (a)   t!ie  area  of  the  entire  cross-section; 
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{it)  the  tocatiou  of  the  axes  passing  throwK^  tlie  center  of  i^r.ivity; 
(r)  the  moment  of  ine:rtia  with  respect  lo  each  axis;  (rf)  the  radius  of 
gyration  with  respect  to  each  axis. 


Pto.  7 
Solution. — ia)  The  area  of  two  plates  15  in.  X  i  in.  is  I'j  sq.  in.; 
the  area  of  four  angles  4  in.  X  4  En.  X  i  in.  is  4  X  3. "5   —  15  sq.   in. 

PThcD,  the  area  of  the  entire  section  is 
15  +  16  =»=  30  sq.  in.    Ans. 
{6)    As  the  section  is  syra metrical,  the  axis  J''  >'  is  5  in.  from  the 
jniside  awrfaee  of  ea.ch  web»  aud  the  axi^  .Y''  JC  is  Tf  in.  (rom  the  backs 

I  of  the  flange  a.ng1es.     Ans. 
(e)     The  di^^tances  from  X'  A'to  the  center  of  gravity  of  the  various 
angles  is  shown  at  the  right  in  Fig,  7, 
IVo  Plates  IB  in.  X  i-  in. 
A(TableVIIIJ  =  2x  140.63 =2fll.3 
I                               Four  Angles  4  in.  X  4  in.  X  J  tn. 
A  (Table  IX)  =  4  X5*5t» =      2  2.2 
A,y^'  =  15X6,45' =  6  2  4.0 


Moment  of  inertia  about  X' A' =9 27.5  Acs. 

The  distance  from  K'  K  to  the  center  of  gravity  oE  the  aogies  and 
webs  is  shown  on  the  lower  side  in  Pig.  7, 
Two  Plates  15  i: 


i 


2_ 

—     12 


\yi 


X15X{i)' =  .3 

'  =-  1-5  X  5.25' =      4  1  3.4 


FouH  AnglRS  4  in,  X  4  1».  X  J 


IN. 


A  (Table  iX)  =  4X5.56 
Aty,*  =^  15X6.08'    .   .   . 


—         2  2.2 
«      6  6  9.3 


Moment  of  inertia  about  K'  y 


=-  1  10  6.2  Ans. 
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W         r^  =  \^  =  y^^  =  >^0:^  =  5.56  in.    Ans. 
r,  =  y^—^  =  <mM  =  6.07  in.     Ans. 


i 


Example  3.— A  built-up  section  is  composed  of  four  5"  X  3j"  X  J" 

angles  arranged  as  shown  in 
I  Fig.  8.     To  find:  (a)  the  area  of 

p — — ^■ff/H ^  the  cross-section;  {b)  the  moments 

of    inertia    with    respect    to   axes 
through    the   center    of    gravity; 
{c)  the  radii  of  gyration  with  re- 
y'"  I  ^^^      -  I  [Hrlz^jc    spect  to  the  same  axes. 

■  *  II                               [1  Solution.— (a)  The  area  of  the 

I                                 I  cross-section  is  equal  to 

||                                ||  4  X  4  =  16  sq.  in.  (Table  X). 

I*— jtf^'    " J»^  Ans. 

I  {b)    As  the  section  is  symmet- 

Y  rical,  its  center  of   gravity  is  its 

^'^*'  *  center  of  symmetry. 
The  moment  of  inertia  with  respect  to  the  axis  A"'  AT  is  as  follows: 

Four  Angles  6  in.  x  Si  in,  X  J  in. 

/,  =  4  X  9.99 =    39.96 

^i^i"  =  16X2.W =    66.59 

106.55  Ans. 
The  moment  of  inertia  with  respect  to  the  axis  Y'  Y  is  as  follows: 
Four  Angles  5  in.  X  3^  in.  X  i  in. 

A  =  4  X  4.0.'^ =     16.20 

Ajy,^  =  16X5.22* =  4:i5.97 

452.17  Ans. 
{c)  r.  =  ^—\^-  =  '^^^  =  2.58  in.    Ans. 


;452.I7 
\      Hi 


rv  =  \   -^.--  =   V2S.2G  =  5.32  in.     Ans. 


The  radius  of  gyration  with  respect  to  the  axis  X^  X  could  in  this 
example  have  been  fmind  from  Table  XXVI,  as  the  radius  of  g\Tation 
(if  the  four  angles  with  rcsjiect  to  this  axis  is  the  same  as  that  of  two 
antjles.  In  Table  X.WI,  the  radius  of  gyration  for  two  angles  with 
Tlie  short  legs  parallel  and  J  in.  apart  is  given  in  the  column  headed  ;■.: 
that  for  two  angles  ■'»  in.  X  .'i.'  in.  X  j',;  in.  is  2.54  in.;  and  that  for 
tw<i  angles  5  in.  X  '•'l  in.  X  i  in.  is  -'m  in.  The  difference  in  thick- 
lu-ss  of  these  angles  is  i'*,-.  in.,  and  the  diflerenee  between  their  radii 
of  gyration  is.  11.     The  difference  in  thickness  between  -f^  and  ^  is  I'j; 
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I 


then  tbe  differenuc  hciue^n   the  radii  o[  gyraition  is 
which  added  to  2.54  gives  2.5H  iu,  as  before. 


.f  AX  =  ,CM, 


» 


45.  Heniark^  on  Example  J, — In  example  1  of 
Art.  44,  it  will  be  seen  that  the  radius  of  gyration  r,  with 
respect  to  K'  Kis  greater  than  the  radius  r^  with  respect  to 
the  axis  A'' A';  also,  that  the  clear  distance  between  webs 
ict  Fig- 5),  is  approximately  equal  to  three-fourths  of  the 
distance  W  back  to  back  of  the  flange  angles.  It  can 
be  shown  that,  for  the  sections  (d),  (^),  (i)^  and  (d)y 
Fig-  5,  ry  is  invariably  greater  than  r^  when  r  is  greater 
than  f  IV.  Therefore,  if,  as  is  usually  the  case,  only  the 
least  radius  of  gyration  is  required^  it  is  unnecessary  to 
compute  r,  if  c  is  greater  than  4  ^V-  This  relation  does 
not  hold  for  section  U),  for  which  both  radii  of  gyration 
must  be  computed  in  order  to  find  the  smaller.  It  will  also 
be  seen  that  t^  is  approximately  equal  to  i^  IV,  and  it  may 
be  shown  that  this  relation  is  true  in  almost  all  cases  for 
the  forms  (n),  {b),  (*-),  (^),  and  {e).  This  is  convenient  in 
approximate  calculations,  and  is  made  use  of  in  designing 
before  the  final  cross^section  of  a  member  has  been  found, 

46.  Remarks  on  :Exainple  2,  — In  example  2  of 
Art.  44,  it  will  be  seen  that  r,  is  greater  than  r*,  and  that  c 
is  approximately  equal  to  'i  JV.  It  may  be  shown  that,  if 
only  the  least  radius  of  gyration  is  requiredi  it  ts  unneces- 
sary to  compute  r,  H  e  is  greater  than  f  W^  for  the  forms  (/) 
and(A),  Fig,  5,  and,  if  r  is  greater  than  I  M-^,  for  the  forms  (^) 
and  (/).  For  approximate  calculation,  the  least  radius  of 
gyration  for  the  forms  (/),  (^),  (//),  and  (/)  will  be  r,,  and 
may  be  taken  equal  toi  f'f''ifrand  H'^  bear  the  proper  relation, 
that  is,  if  c  is  greater  than  \  \\\  for  the  forms  (/)  and  {h)-^ 
and  greater  than  \  W itix  the  forms  kg)  and  (/). 


47. 


It  is  usually  specified  that  the  ratio  -  of  the  unsup- 

r 


ported  length  /  of  a  compression  member  to  its  least  radius 
of  gyration  r  shall  not  exceed  a  certain  number,  gener- 
ally from  80  to  120,  The  approximate  relations  staled  in 
the  two  preceding  articles  afford  a  ready  means  of  calculating 
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the  smallest  allowable  width  ly  and  clear  distance  r  between 
webs  of  compression  members  when  the  greatest  allowable 


value  of  -  is  known. 
r 


For  example,  if  it  is  speciRed  that 


shall  not  exceed  80,  then,  for  the  maximum  allowable  value 


of  the  ratio,  -  —  80,  and  r  = 


For  a  member  whose 


_/_ 

r  80' 

length  in  25  feet,  or  300  inches,  ^  =  300  ^  80  =  3.75  inches. 
If  the  form  (rt,  Fig.  5,  is  used,  r  is  approximately  equal  to  J  l-F; 
and,  as  ;-  is  3.7*'>  inches,  IV  —  S  X  3  "5  =  11.25  inches,  and 
r  =  t  X  11/25  =  7.5  inches.  In  thiscasci  (Fwould  probably 
be  made  12  inches  or  more,  and  ^,  8  inches  or  more,  accord- 
ing to  other  details. 

48.  In  the  forms  {/),  (w).  and  {«)i  ^-r  is  invariably  less 
than  r^,  and  in  the  forms  (k)  and  (/),  r^  is  invariably  less 
than  r^;  only  the  former  need  be  computed  if  only  the  least 
radius  of  gyration  is  required. 

49-  The  forms  shown  in  Fig.  5  are  frcQuently  modified 
by  the  addition  of  other  sitnple  sections,  principally  plates. 
The  methods  of  calculation  are  precisely  the  same  as 
described  in  the  preceding  articles,  and  should  present  no 
further  difficulty.  It  should  be  remembered  that,  in  finding 
the  radius  of  gyration  of  a  built-up  section,  both  values 
should  be  found  if  there  is  the  least  doubt  as  to  which  is 
the  smaller. 

50.  Location  of  Center  Xilne. — As  already  explained, 
when  the  stresses  in  the  members  of  a  truss  are  to  be  deter- 
mined, each  member  is  represented  by  a  line.  These  lines 
are  called  the  center  Hues  of  the  members.  For  vertical 
and  inclined  members,  the  center  line  passes  through  the 
center  of  gravity  of  the  section;  for  chord  members,  the 
center  line  lies  close  to  the  center  of  gravity,  but  does  not 
pass  through  it.  The  distance  from  the  center  line  of  a 
member  to  the  center  of  gravity  of  the  cross-section  of  the 
member  is  called  the  ecct*utrlclty  of  the  member.  The 
center  line  of  a  built-up  chord  member  is  located  b/'hu*  thi 
caiUr  oi  gravity  in  compression  members^  and  above  the  ccnUroi 


i 


BRIDGE  MEMBERS  AND  DETAILS 


31 


e  =* 


1) 


gravity  in  tension  members,  the  eccentricity  being  such  that 
the  bending-  moment  on  the  member  due  to  the  eccentricity 

■of  the  stress  shall  be  equal  and  opposite  to  that  due  to  the 
weight  of  the  member. 

The  eccentricity  e<,  for  chord  members,"  is  found  by  dividing 
the  bending  moment  J/»  of  the  member  due  to  its  own 
weight  by  the  total  stress  ^  in  the  member;  that  is, 

S 

U  IF  and  /fire.  re??pectively,  the  weight  and  length  of  the 
member,. then  (see  Strength  of  Materials^  Part  1), 

This  value  ia  formula  1  gives 

m 

Tf  the  weight  of  the  member  per  foot  is  denoted  by  a;, 
then  W  =  tol,  andj  thereforCf 

85 


<f  = 


e  = 


(2) 


(3) 


EXAMPLfl.— The  gross  section  of  a  member  whose  leagth  is  20  feet 
is  2t»  square  inches.  To  find  the  eccentricity  of  the  center  line  if  rhe 
total  stress  is  20()»{KX1  pounds. 

Solution.— As  the  gross  section  of  the  member  is  20  sq.  in.,  its 
weight  per  linear  fo«»t  is  ^0  X  3.4  -  68  lb.  (Art,  15),  and,  therefore, 
Applying  formula  3, 

68X20" 


«  X  200.CHK) 


=  .017  ft,  =  .204  in.    Am. 


RIVETING,    LATTICE    BARS.    AKD    TIK-PLATES 

51.  Ill vetliijr. ^Wherever  two  portions  of  a  built-up 
member  come  in  contact,  a  row  of  rivets  is  driven,  as  repre- 
sented in  Fig,  0,  in  which  (a)  is  the  top  view  or  plan,  ib)  the 
side  elevation^  (r)  a  horizontal  section  gg  and  bottom  view, 
and(£/)  a  vertical  sect  ion  ^^»  of  a  short  piece  of  an  upper  chord; 
and  in  Fig,  10.  which  is  a  short  piece  of  a  compression  web 
member,  (a),  (b)^  (c)^  and  {d),  representing  the  same  views 
as  in  Fig.  S — ^that  is,  a  top  view,  side  elevation,  longitudinal 
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nd    bottom    view    and    cross-section,   respectively, 
al  legs  of  the  flange  angles  are  riveted  to  the  webs 

With  rivets  located  on  the  gauge  lines  ee,  Fig.  9  (^)  an4'; 

Fig,  10  (i),  of  the  angles;  the  cover-plate  is  riveted  to  the' 


horizontal  legs,  frequently  called  the  outstanding:  lesrs,  of 
the  upper  flange  angles  with  rivets  located  on  the  gauge 
lines  //  of  the  angles,  Fig.  9  (a)  and  Fig.  10  (a).  For  a 
short  distance  at  each  end»  near  where  the  member  connects 
at  the  joint,  as  shown  at  the  left  end  of  Figs.  9  and  10,  the 
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rivets  are  spaced  about  3  inches  apart;  for  the  remainder  of 
the  distance  J  they  are  usually  spaced  6  iuches  apart-  The 
rivets  in  the  horizontal  legs  of  the  flange  angles  are  usually 
located  half  way  between  those  in  the  vertical  legs,  to  facili- 


k^l 


*^ 


tate  driving  them;  this  is  called  s^^tuKg'ertDK  tbe  rivets  in 
the  two  legs, 

52.  liftttlce  Bars. — The  open  sides  of  built-up  members 
are  connected  to  each  other  by  diagonal  bars  whose  ends 
are  riveted  to  the  outstanding  legs  of  the  flanges,  as  shown 
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in  Fig.  9  (<rj,  and  in  Fig.  10  (a)  and  U),  These  diagcnals 
are  called  lattice  bart^.  In  Fig.  9  (r),  the  bars  cross  each 
other  aiiJ  are  riveted  at  the  intersection;  this  construction  is 
called  double  lattlc*luK-  The  method  of  latticing  shown  in 
Fig.  10  {a)  and  U)  is  called  slnf^le  lattlctnK.  In  double 
latticing,  the  flange  is  divided  into  a  number  of  etjual  spaces 
of  such  length  that  the  lattice  bars  will  make  an  angle  of 
about  45^  with  the  axis  of  the  member;  in  single  latticing, 
the  fiange  is  divided  into  a  number  of  equal  spaces  of  such 
length  that  the  lattice  bar  will  make  an  angle  of  about  60^  with 
the  axis  of  the  member.  The  longitudinal  distance,  or  dis- 
tance parallel  to  the  axis  of  the  member,  between  the 
connections  of  the  ends  of  a  lattice  bar  is  called  the  plteli. 
The  distance  £•  between  the  centers  of  the  holes  in  the  end* 
of  a  lattice  bar  can  be  found  by  the  formula 

in  which   6  ^  transverse  distance  between   gauge  lines  of 
rivets  that  connect   lattice  bars  to  flanges; 
p  =  pitch  of  latticing, 

53.  Lattice  bars  are  made  from  flat  bars  from  2  to  4  inches 
in  width  and  from  i  to  f  inch  in  thickuessj  the  ends  are 
rounded  to  eliminate  sharp  protruding  corners,  ft  is  usu 
ally  required  that  the  thickness  of  lattice  bars  shall  be  not 
less  than  one-fortieth  of  the  distance  between  the  centers  o 
the  rivets  that  connect  them  to  the  flanges  for  single  latticing 
or  one-sixtieth  for  double  latticing.  No  formula  can  be  given 
from  which  to  determine  when  to  use  single  and  when  double 
latticing;  nor  is  there  any  formula  for  the  size  of  lattice  bars. 
These  matters  are  controlled  largely  by  practice,  and  depend 
to  a  great  extent  on  the  width  of  the  member.  An  approxi 
mate  rule  that  agrees  fairly  well  with  practice  is  to  use  single 
latticing  in  all  cases  where  the  bars  are  less  than  about 
15  inches  in  length,  and  double  latticing  in  all  other  cases. 
The  usual  locations  of  the  latticing  are  shown  by  dotted  lines 
in  Fig.  5. 

54*    TJe-Platos. — For  a  short  distance  at  each  end  of  a 

built-up  member,  near  where  it  is  connected  at  the  joints,  the 
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latticing  is  omitted  and  the  flanges  are  connecced  by  tie- 
plates,  as  represented  at  /,  Fig,  9  (r)  and  Fig,  10  (ii)  and  [c). 
These  plates  are  placed  as  close  to  the  ends  of  the  mernbers 
as  the  connections  will  permit,  and  are  usually  made  from 
one  to  two  times  as  long  as  they  are  wide,  and  from  i  to 
i  inch  in  thickness.  The  plates  are  connected  to  the  flanges 
by  rivets  spaced  from  S  to  4  inches  apart.  The  sizes  and 
lengths  of  tie-plates  depend,  to  a  great  extent^  on  practice. 
They  are  used  in  connection  with  lattice  bars  to  keep  the 
stress  evenly  distributed  between  the  sides  of  the  member. 


GROSS    AM*    NET    SKCTIONS 

55»  JJeriiiltloii,— The  areas  of  cross-sections  that  have 
been  used  in  the  preceding  articles  are  the  gross  areas, 
commonly  called  jfrosaw  ssiectlons.  When  a  portion  of  the 
sectionai  area  of  a  built-up  member  is  cut  away  for  any  pur- 
pose, the  section  is  decreased,  and  the  remainder  is  called 
the  net  fit*etloii.  In  the  case  of  rivet  holes,  as  they  are  com- 
pletely tilled  with  rivets,  the  member  offers  about  as  much 
resistance  to  compression  after  the  rivets  are  driven  as  before 
the  holes  were  punched,  and  so  the  gross  area  is  available 
in  resisting  compression,  except  where  there  are  pinholes 
and  bolt  holes,'  as  these  are  not  completely  filled^  their  areas 
must  be  deducted.  Rivets,  bolts,  and  pins  cannot  transmit 
tension  from  one  side  of  the  hole  to  the  other,  however,  and 
so  only  the  net  section  is  available  in  resisting  tension. 

56*  Deduction  of  HoleSi — In  finding  the  net  section  of 
a  member,  it  is  customary  to  deduct  from  the  gross  section 
the  area  of  cross-section  of  the  largest  number  of  holes 
that  can  be  cut  by  a  plane  at  right  angles  to  the  axis  of  the 
member.  As  the  holes  are  ^^i  inch  larger  in  diameter  than 
the  rivets,  and  as  the  metal  immediately  surrounding  the 
holes  is  somewhat  injured  by  punching,  it  is  common  prac- 
tice to  deduct  for  each  hole  the  area  of  cross-section  of  a 
hole  i  inch  larger  in  diameter  than  the  rivet.  Table  XXVFI 
gives  the  area  of  section  to  be  deducted  for  each  hole  for 
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rivets  from  i  to  1  inch  in  diameter  and  tnaterial  i  inch  to 
li  inches  io  thickDess;  the  areas  are  found  from  the  forniula 

A  =  iid  +  i  inch) 
in  which  A  ~  area,  io  square  inches; 

d  =  diatneier  of  rivet; 
t  =  thickness  of  metal. 

For  example,  the  plane  ^^,  Fig.  10^  cuts  four  rivets — two 
shown  in  the  figure  and  the  two  corresponding  on  the  other 
side — each  of  which  passes  through  a  web  and  a  flange  angie. 
Then,  in  order  to  get  the  net  section,  there  mast  be  deducted 
from  the  gross  section  the  areas  of  four  holes  in  the  webs 
and  four  holes  in  the  angles.  Suppose  that  the  webs 
are  i  inch  thick,  angles  i  inch  thick,  and  rivets  i  inch  in 
diameter.  From  Table  XSVII,  it  is  seen  that,  for  a  t-inch 
rivet  ia  material  i  inch  thick,  there  must  be  deducted 
.50  square  inch,  and  in  material  |  inch  thick,  .625  square  inch; 
then,  the  total  area  to  be  deducted  in  this  case  is 

(4  X  M)  +  (4  X  .625)  ^  4.6  square  inches 

If  the  gross  section  is  35  square  inches,  the  net  section  will 
be  35  —  4.5  =  30.5  square  inches.  JBI^^^M 

57.  It  is  evident  also  that,  if  a  rivet  lies  very  close  to 
the  plane  that  cuts  the  rivets  just  referred  to,  the  section 
shall  be  still  further  decreased.  For  such  cases,  the  follow- 
ing rule  has  been  found  in  actual  practice  to  give  fairly 
accurate  results  for  rivets  i  inch  in  diameter  or  larger: 

Rule. — To  find  the  net  section  of  a  built-up  member  when  the 
gross  section  is  known  ^  consider  the  member  cut  by  a  plane  at  right 
angles  to  the  member  in  such  a  position  that  it  will  pass  through 
the  centers  of  the  largest  number  of  rivets;  deduct  from  the  gross 
section  the  area  of  cross- sect  ion  of  one  hole  for  each  rivet  whose 
center  lies  within  f  inch  of  the  plane^  and  a  proportionate  part 
of  one  hole  for  each  rivet  whose  center  lies  within  2  J  inches. 

For  example,  if  the  center  of  a  rivet  is  f  inch  from  the 
plane,  the  entire  area  for  one  hole  is  to  be  deducted;  if 
Ij  inches,  one-half  the  area  for  one  hole;  if  2i  inches, 
one-quarter  the  area;  and  if  2?  inches,  no  deduction  is  to 
be  made.     For  rivets  i  inch  in  diameter  or  smaller,  the 
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foregoing  limitSi  I  inch  and  2f  inches,  should  he  changed 
^bto  i  inch  and  2  inches,  respectively. 

Example, ^A  tension  member conMSling  of  onepiate  12  in.  X  A  in. 


has  its  secticpD  reduced  by 
the  group  of  -^^-inch  rivets 

■  shown  in  Fig.  IL  Find: 
((T)  the  gross  section  of 
the  plate;  {b)  the  net  sec* 
tion. 


?F 


Solution.— (fl)  The 
l^ross^seetEOQ  of  a  pUte 
12  in.  X  Ain.  (Table  VI) 
is  6.75  sq.  in. 


P      ff 
Pig.  H 

{/>\  Consider  the  plate  cut  by  the  plane  p/i  that  passes  through 
the  cetaLers  of  three  rivets.     The  area  to  be  deducted  for  one  J-inch 

trivet  in  material  i*^  inch  in  thickness  is*  from  Table  XXVU,  ,5*i^  sq.  in.; 
ns  there  are  three  rivets  cut  by  the  plane,  the  deduction  for  them  is 
3  X -5*J3  =  1<689  sq.  in.  In  addition,  there  are  two  rivets  whose 
centers  lie  2  inches  from  the  plane,  for  each  of  which,  according  to 
the  rule,  there  must  be  deducted  three-eighths  of  the  area  for  one 
rivet;  the  deduction  for  thes.e  holes  is,  then,  2  X  j  X  .&ii3  —  .4^*2  sq^  in. 
Then,  the  total  deduction   is    l.titt  +  .42  =  2.11   sq.  in.»  and  the  net 

section  is 

•  6.75  -  2.n  =  4m  sq.  in.     Ans. 

If  the  plane ^^  is  considered  instead  of  fip,  it  can  be  seen  (hat  there 
are  four  rivets  wliose  centers  are  2  in.  from  the  plane.  In  such  a  case, 
vhen  the  rivets  are  on  different  sides  of  the  plane,  it  is  customary  lo 
consider  only  those  on  one  side 

B      58,     Countersunk  Rivets. — The  holes  for  countersunk 
rtvets  are  larger  than  those  for  rivets  with  ftiU  head.     The 

»lasl  line  in  Table  XXVII  gives  the  amount  by  which  the 
area  of  cross-section  of  a  rivet  hole  is  increased  for  a  counter- 
sunk head  for  rivets  from  i  to  1  inch  in  tJiameler.  In  Ending 
the  net  section  of  a  member  in  which  there  are  countersunk 
heads,  these  additional  areas  should  be  allowed  for. 


r 


EXAMPLES    FOB    PHACTICE 

1.  From  Table  XXVI.  find  the  radius  of  tryraVioa  with  respect  to 
an  axis  parallel  to  the  adjitceni  legs  and  half  way  between  them  for: 
(a)  two  1^' X  3'' X  i''  angles  with  the  short  legs  i  inch   apart   and 
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parallel;  {dj  two  G"  X  4"  X  |"  angles  with  the  short  legs  f  inch  apart 
and  parallel.  *„„  Uer)  2.01  in. 

2.  The  built-up  section  shown  in  Fig.  12iscpmpQsed  qI  one30"  X  J" 
plate  and  two  15-iT3ch  40-pound  channels  arranged  as  shown.  Find: 
{a)  the  distance  of  the  center  of  gravity  from   the  upper  flanges  ot 

the  channels;  (A)  the  ijjonaeut  of 
inertia  with  respect  to  the  axis  A'' A'; 
(r)  the  moment  of  inertia  with  re^ 
speet  to  the  axis  >''  K;  (d)  the  radius 
of  gfvration  with  respect  to  the  aiis 
A"' A';  t**)  the  radius  of  gj'ration  with 


respect  to  y  y 


Ans. 


{a)  .').19  in. 
{if)  1,117  in 
{c}  iA^i  iti 
id}  •'j-77  in, 
U}  n.54  ia. 


5 


3,  The  built-up  section  shown  in  Fig.  13  is  composed  of  two, 
16"  X  -J"  plates  and  four  4"  X  4" 
X  ^'  angles*  arranged  as  shown. 
Find:  {a)  the  room eut  of  inertia  with 
respect  to  the  sxis  -V  A';  (^)  the  mo- 
ment of  inertia  with  respect  to  the 
axis  K'  y;  {c)  the  radius  of  gyra- 
tion with  respect  to  the  axis  A''  A'; 
(^)  the  radius  of  g>Tation  with  re- 
spect to  y  y.  t{a)   l,:i'*l  tn.* 

Ans  M**    1*-*^'  ^"'* 
[{d)  6,06  in, 

4.  A  tension  member  consisting 
of  two  12-incb  30-pouad  channels  has  its  sectional  area  reduced  by  Ch9 


Fics.  IS 


1  [ 


Fig.  U 


group  of  f-inch  rivets  shown  in  Fig.  14,  in  each  web.     Find  the  net 
section  of  the  member.  Ans.  14.96  sq.  in. 
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5.    A  tension  member  is  composed  of  two  plates  15  in.  X  i  in,  and 
8  in.  X  T^  in.,  respectively,  and  Cour  angles  3}  in.  X  3^  in,  X  -^s  in.. 
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Fig.  is 

ArrAQg^d  as  shown  in  Fig-.   15.     Find  the  net  section  if  the  rivets  in 
each  side  are  ^  inch  in  diameter  aad  spaced  as  shown. 

Ans.  32.10  sq.  in. 

PINS,   EYEBAR9,   AJTD  LATERALS 


PINS 


59.  Truss  Pins  an<l  Niiti^j. — Fn  pin-connected  irusses, 
a  large  circular  hole  is  bored  at  right  angles  to  the  truss 
through  each  member  that  connects  at  a  joint,  and  a  pin» 
somewhat  resembling  a  large  bolt,  and  having  a  diameter 
about  A  inch  less  than  that  of  the  hole,  is  passed  through 
to  hold  the  members  in  place.  The  proiecting  ends  of  the 
pin  are  smaller  in  diameter  than  the  body  of  the  pin,  and  a 
large  nut  is  turned  on  to  each  end  to  keep  the  members 
packed  together. 

The  distance  between  the  outside  surfaces  of  the  outside 
members  that  connect  at  a  Joint  is  called  the  ^flpof  the  pin. 
in  order  to  give  the  outside  members  a  good  bearing,  the 
main  body  of  the  pin  is  made  about  !  inch  longer  at  each 
end  than  the  grip,  and  the  nuts  are  recessed  so  that  they 
enclose  the  projecting  ends  and  bear  firmly  against  the 
outside  members. 

Table  XXVI H  gives  the  standard  dimensions  of  screw  ends 
and  nuts  for  truss  pins  varying  in  diameter  from  2  to  8  inches. 

60«  Lateral  Pin**. — For  the  connections  of  members  of 
lateral   and  sway   systems   in   pin-connected   trusses,  a    pin 
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without  ruts,  often  called  a  latei-al  |>Jn,  is  sometiiDcs  used, 
although  the  type  of  pin  described  in  the  preceding  article 
is  to  be  preferred.  Lateral  pins  are  turned  from  rods  o: 
slightly  larger  diameter  than  the  required  diameter  of  the 
pin^  leaving  a  shoulder  at  one  end;  the  other  end  is  tapered 
slightly  lo  facilitate  passing  the  pin  through  the  hole.  The 
tapered  end  is  held  in  place  by  a  ^plit  key  called  a  cottepj 
pin.  Table  XXIX  shows  the  dimensions  of  heads 
cotter  pins  for  the  usual  sizes  of  lateral  pins. 


BYE BARS 

61.     General     Description     and     Properties* — The 

principal  dimensions  of  eyebai-**,  a  special  form  of  ten- 
sion member  used  in  pin^connected  trusses,  are  given  ia 
Table  XXX.  These  bars  are  first  rolled  to  uniform  width 
and  thickness,  then  the  ends  are  heated  and  upset  to  circu- 
lar forms  called  beads,  the  thickness  remaining  the  same. 
Holes  are  bored  in  the  heads  so  that  they  can  connect  to  the 
pins  at  the  joints.  The  sizes  of  heads  given  in  the  table 
were  determined  from  the  results  of  numerous  experiments  on 
eyebars,  and  are  those  that  have  proved  in  actual  practice  to  be 
sufficient  to  develop  the  full  strength  oi  the  respective  bars. 
In  designing  tension  members  for  pin-connected  trusses^  it 
is,  therefore,  simply  necessary  to  consider  the  strength  of  the 
body  of  the  bar,  as  the  heads  will  be  strong  enough. 

The  right-hand  column  of  Table  XXX  gives  the  additional 
length  t-^  of  bar  required  beyond  the  center  of  the  pin  hole 
to  form  one  head.  The  widths  given  in  the  6r!it  column 
of  the  table  are  standard  widths  and  no  others  should  be 
used  in  designing.  The  thicknesses  given  in  the  second 
column  are  the  minimum  thicknesses;  any  greater  thickness, 
can  be  obtained. 

When  thicknesses  greater  than  about  2  inches  are  required, 
is  customary  to  use  two  or  more  bars  side  by  side.     The 
eters  of  pinholes  given  in  the  fourth  column  are  the  large: 
holes  that  can  be  bored  in  the  heads  of  the  respective  bars  wi 
out  decreasing  the  strength,    Any  smaller  hole  may  be 
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H  EXAMfi-E. — An  eye  bar  6  inches  wide  and  1  inch  thick  connects  to 
two  piiisti  inches  ID  diameter  atid  IB  feet  6  inches  center  to  center. 
To  hud  the  required  length  of  bar  before  upsetting  the  ends  to  form 
the  headfi, 

Solution, — It  will  be  seen  from  Table  XXX  that  the  first  H-iDch  bar 
caonot  have  a  pin  larger  than  5^  in.  in  diameter  in  its  heads,  so  it  is 
necessary  to  consider  the  second.  This  allows  a  pin  G^  in.  in  diam- 
eter; and,  as  the  pins  in  the  esumple  are  G  in.,  this  size  of  head  may 
be  used-  In  the  right-haud  coluran,  the  additional  length  necess:vry 
to  form  one  head  is  givea  as  2  ft.  3  ill.;  as  there  are  two  heads,  the 

I  length  of  the  bar  before  upsetting  is 
18  ft.  0  in.  +  2  X  (2  ft-  :i  in.)  ^  23  ft,  Ans. 
62.  Acljust-able  Eyelmrw.— \VTien  there  are  two  diago- 
nals in  the  same  panel,  that  is,  a  main  diagonal  and  a  coun- 
ter,  it  is  difficult  to  manufacture  them  so  that  all  the  holes 
B  in  their  ends  will  exactly  fit  the  pins.  In  such  cases,  it  is 
customary  to  make  the  counter  adjtisiable;  that  is.  to  manu* 
facture  it  in  such  a  way  that  its  length  can  be  slightly 
increased  or  decreased,  if  desired.     Table  XXXI  gives  the 

I  principal  dimensions  of  utlJuKtnblf  <.*yt*lmrH;  they  are  used 
in  pairs,  one  end  of  each  bar  having  a  flat  circular  head  and 
pinhole,  as  given  in  Table  XXX,  and  the  other  an  upset 
screw  end,  as  given  in  Table  XXXI.  The  additional  length 
of  bar  necessary  to  form  an  upset  screw  end  is  given  in 
Table  XXXI;  that  necessary  to  form  a  flat  circular  head  may 
be  taken  from  Table  XXX.  Owing  to  the  method  of  manu- 
facture, it  is  impossible  to  get  an  adjustable  eyebar  less  than 
I  about  7  feet  in  length;  for  this  reason,  in  designings  it  ts  well 
to  make  one  end  of  an  adjustable  member  about  7  feel  long. 
63,  Turn lHickl€*s*— The  screw^  ends  of  the  two  adjust- 
able eyebars  that  form  a  counter  are  brought  to  within  3  inches 


Fig.  le 

of  each  other  and  connected  by  means  of  an  appliance  called 
a  tnrnbnt'kle  (see  Fig.  16).  The  bars  are  screwed  into  the 
tnmhuckle  until  the  member  has  the  desired  length.     The 
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threads  on  the  ends  of  the  two  bars  nan  in  opposite  directionSt 
so  that,  by  twisting  the  turnbuctle,  the  lengfth  of  ihe  tnember 
may  be  increased  or  decreased  as  desired.  Table  XXXI I 
gives  the  principal  dimensions  of  the  turnbuckles  that  are 
most  used  in  bridge  work  at  the  present  time.  They  are 
called  open  tornbucklcts,  to  disting'uish  them  from  less 
desirable  forms,  called  closed  tunilnicklew,  that  resemble 
long  nuts.  Turnbuckles  are  made  of  wrought  iron,  and  are 
manufactured  of  such  dimensions  as  will  ^ive  them  greater 
strength  than  the  bars  for  which  they  are  designed. 

Example. — A  counter  connects  to  two  Sj-iocb  pins,  22  feet  center 

to  center,  and  is  composed  of  a  pair  of  adjustable  eyebars  4  inches 
wide  and  J  inch  thick.  What  is  the  lengtli  of  each  part  Ijefore 
upsetting? 

Solution*— The  short  end*  after  upsetting,  will  be  7  ft.  long:  and 
the  other  end,  22  ft.  -  7  ft,  3  in.  ^  14  ft,  fl  in.  long.  Table  XXXI 
i^ivefvthe  addJtLoual  length  neces?»aryto  form  a  screw  end  as  1  ft.  |  in  ; 
Table  XXX  ^ves  the  additional  length  necessary  to  forma  flat  circular 
head  as  1  ft.  ^i  jn.    Then,  the  origpnal  length  of  the  short  end  is 

7  ft.  +  I  ft-  ?  in.  +  J  ft,  5j  iu.  =  0  ft.  i>i  ID. 
and  that  of  the  Long  end  is 

14  ft.  9  in.  +  1  ft.  I  in.  +  1  ft.  5j  in.  =  17  ft.  3}  in,     Ans. 
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LOOP-WELDBP    AND    LATERAL    RODS 

64*  liOop-Welded  Rod^. — Fig,  17  shows  another  form 
of  member  sometimes  used  for  counters  and  lateral  rods* 
although  it  is  being  superseded  by  the  adjustable  eyebar. 
It  is  called  a  loop-^velded  rod,  and  is  made  from  a  straight 


—  X 
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Fig. 


square  rod;  one  end  is  upset  for  a  screw  end,  and  the  othei 
made  in  the  form  of  a  loop  by  bending  around  a  circular  pii 
and  welding:  the  free  end  to  the  main  body  of  the  bar.     Oal 
account   of   the   difficulty  and  uncertainty  in  welding  steel. 
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these  rods  are  usually  made  of  wrought  iron.  They  are 
used  in  pairs  connected  by  a  tunibuckle  in  the  same  way  as 
adjustable  eyebars.  The  additional  letigth  of  rod  required 
to  form  an  upset  screw  end  can  be  found  from  Table  fll; 
that  required  to  form  a  loop  end  is  given  approximately  by 
the  formula 

L  =  3.75  (ff'+Z?) 
in  which    IV  =  width  of  bar,  in  inches; 

D  —  diameter  of  ptn,  in  inches; 

L  =  additional  length  beyond  center  of  pin  holCt 
in  inches, 

ExAMfLE. — A  loop-welded  counter  consisting  of  a  2-inch  square 
rod  coDQects  on  two  4-inch  pins  21  feet  apart.  To  find  the  requited 
lengths  of  straight  rod  to  form  the  member. 

SoLlTTiON, — One  end  may  be  made  7  ft,  long,  and  the  other  21  ft. 
—  7  ft,  3  in.,  or  IH  ft.  9  in*  !«dg*  Table  III  gives  the  additional  length 
to  form  an  upset  screw  end  as  4^  in.  By  the  formula,  the  additional 
length  to  form  a  loop  end  is  3.75  X  <^  +  2)  =  22,50  in.,  or  I  ft.  \l}^  in. 
Then,  the  length  of  the  short  piece  must  be 

7  ft,  +  4i  in.  +  1  ft,  10^  in,  =  9  ft.  3}  in-, 
and  that  of  the  long  piece, 

13  ft.  &  in.  +  4|  in.  +  1  ft.  lOj  in.  =  16  ft.  J  in.     Aas. 

65.  Ijuteral  Rods. — Table  XXXIIl  gives  the  principal 
dimensions  of  flat  circular  heads,  similar  to  eyebar  heads, 
for  square  and  round  rods>  as  sometimes  used  for  the  con- 
nection of  members  of  lateral  and  sway  systems.  When  so 
used,  the  rods  are  sometimes  made  in  one  piece,  with  a  head 
at  each  end,  and  sometimes  in  two  pieces,  connected  by  a 
lutTibuckle.  In  the  latter  case,  there  should  be  3  inches 
between  the  ends  of  the  pieces  for  adjustment.  As  in  the 
case  of  adjustable  eyebars.  it  is  well  to  make  one  end  shorter 
than  the  other,  but  the  short  end  should  be  not  less  than 
7  feet  in  length. 

66.  Clevli^cB. — Table  XXXIV  gives  the  principal  dimen- 
sions of  olevlses  used  for  connecting  lateral  rods  to  pins  to 
which  other  lateral  rods  connect.  Instead  of  forming  a  head 
on  the  end  of  the  rod,  an  upset  screw  end  is  formed,  which 
is  screwed  into  the  clevis. 
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to  provide  for  the  tendency  of  ihe  column  to  buckle  or  bend 
sidewise*  In  Strengih  o{  Maicnah^  Part  2^  it  was  explained 
that  a  column  with  fixed  ends  is  stronger  than  one  with  the 
ends  hinged  or  not  fixed.  The  coinpression  members  of  pin- 
connected  trusses,  except  the  top  chord  when  made  con- 
tinuous, are  hinged  or  free  to  turn  around  the  pins  in  their 
ends.  The  compression  members  of  riveted  trusses  are  fixed 
in  direction  at  the  ends  by  being  riveted  to  the  gussets  or 
connection  plates  at  the  joints,  and  are,  therefore,  theoret- 
ically stronger  than  pin-connected  columns.  WTien  riveted 
trusses  deflect,  however,  the  gussets  or  connection  plates  lend 
to  twist,  and  this  twisting  produces  bending  in  the  members 
that  connect  to  the  gussets,  giving  rise  to  what  are  known  as 
secondary  strewsee,  whose  magnitudes  cannot  be  computed. 
On  tliis  account,  the  advantage  of  riveted  columns  over  pin- 
connected  columns  in  bridge  work  is  ignored*  and  the  same 
reduction  formula  is  used  to  find  the  allowable  working  stress 
in  both  forms, 

71.  Various  formulas  for  compression  are  in  use  at  the 
present  time,  all  of  them  being  based  on  the  ratio  of  the 
unsupported  length  of  the  column  to  the  least  radius  of  gyra- 
tion of  its  cross-section.  The  formula  now  most  frequently 
used  in  practice  has  the  following  general  form: 

s 


I 
I 

I 


Sc     = 


1  + 


Cf^ 


in  which  t^  —  allowable  working  stress  for  column; 
/  =  unsupported  length  of  column; 
r  =  least  radius  of  gyration  of  cross-section; 
f  =  a  constant  determined  by  experiment. 
Different  specificalions  give  different  values  for  j  and  f. 
In  Bridge  Spcdficafwns,  s  is  taken  as  16.000  pounds  p«l 
square  inch,  and  f,  as  18,000*     The  formula  then  becomes 

16.0CM} 


Jc    = 


1  + 


r 


18.000  r* 

The  values  of  /  and  r  should  be  given  in  the  same  units;^ 
that  is*  both  should  be   in   feet,  or   both  in  inches,     P 
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examplet  if  /  is   12  feet,  or   12  x  12  =  144  inches,  and  r  is 

S  inches, 

16,000  16,000       -J  -QA  |,  * 

St  = -— - —  =    ^  '    -    —  l4,lwJ  lb,  per  sq,  m. 


1  + 


144  X  144 

18,000  X  3  X  3 


1.128 


i. 


I 


Table  XXXV  gives  the  values  of  Se  for  various  values  of  ^, 

r 

72.  In  designing:  com  press  ion  members,  it  is  customary 
to  decide  on  the  general  form  of  the  cross-section,  and  then 
determine  the  approximate  value  of  the  radius  of  gyration 
and  dimensions  of  the  section,  as  explained  in  Art.  47;  the 
length  of  the  member  is  generally  known,  and  the  approxi- 
mate value  of  '  can  be  computed.  The  allowable  working 
r 

stress  corresponding  to  this  value  of  -  is  then  found  from 

r 

Table  XXXV,  and  the  required  area  of  cross-section  found 

by  dividing  the  total  compression  by  the  allowable  working 
stress.  With  this  area  as  a  basis,  the  cross-section  is  deter- 
mined, its  radius  of  gyration  and  the  actual  value  of  -  are  com- 

r 

puted,  and  the  working  stress  corresponding  to  the  corrected 

value  of     is  found  from  Table  XXXV.     The  area  of  cross- 
r 

ection  is  then  revised,  if  necessary,  to  make  it  correspond 

with  the  new  working  stress. 

Example.— The  total  compresstve  stress  in  a  member  20  feet  long 
is  ^1,[KX>  pounds,  and  the  approximate  value  of  Ihe  radius  of  ^ymtlpn 
Is  4.S  inches.  What  is  the  trial  value  of  ihe  area  o£  cro^-aecttoti  of 
the  member  tbat  would  be  ui^d  irt  destgaitig? 

Solution.— The  length  of  the  member  is 30  ft.,  or  20  X  12  «  240  in. 

The  value  of  -  is  y-^  ~  50>    Consulting  Table  XXXV,  the  working 

Stress  corresponding  to  a  value  of  50  for  -  is  found  to  be  14,050  lb.  per 

sq.  in.  Then,  since  the  tutal  compressive  slreaa  is  281,000  lb.,  the 
re^^uired  area  of  cross-section  is 

281,000  -s-  14.(»0  «  20  sq.  in.     Ans. 

73»  Shearlnp:- — The  intensity  of  shearing  stress  on  any 
member  subjected  to  a  shearing  force  at  right  angleti  to  its 
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length  is  usually  found  by  dividing  the  stress  by  the  area  of 
cross-section  of  the  member.  In  designings  the  shearing 
stress  and  the  allowable  working  stress  are  known,  and  the 
required  area  of  cross-section  is  found  by  dividing  the  shear- 
ing stress  by  the  working  stress, 

74.  In  wide  thin  plates  subject  to  a  shearing  stress  in 
the  plane  of  the  plate,  there  is  a  tendency  to  tfitckle,  nr 
bend  outwards;  and  when  the  inteosity  of  stress  is  sufficient, 
this  is  resisted  by  stiffening  angles  a,  g,u.  Fig.  19^  riveted  to 

ithe  plate  and  parallel 
to  the  direction  of 
the  shearing  stress. 
The  allowable 
working  stress  for 
shearing  in  wide 
plates  is  found  by 
means  of  a  formula 
P"*'.^^  similar  to  the  formula 

used  in  finding  the  working  stress  for  compression.  Different 
engineers  make  use  of  different  formulas,  the  one  most  used 
in  bridge  work  at  the  present  time  being 

12,000 


—d-' 


*-if— 


I 


Ss   = 


1  + 


rf" 


3,000 /• 
in  which  s,  =  working  stress; 

/  ~  thickness  of  plate; 

d  =  width  of  plate,  or,  if  plate  is  stiffened  by  angles 

closer  together  than  width  of  plate,  the  clear 

distance   between  the  stiffener  angles,  as 

shown  in  Fig.  19. 

For  example,  if  a  plate  24  inches  wide  and  i  inch  thick, 

with   no   stiffeners   or   with   stiffeners    farther    apart    than 

24   inches,  is  subject   to  a  shearing   stress,  the  allowable 

working  stress  for  shear  is 

12,000 


Ss   — 


1  + 


24x24 


=  6,790  lb.  per  sq.  in. 


3,000  X  .5  X  .6 
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If,  however,   the  stiffeners  are  closer  together  than  the 
width  of  the  plate,  say  12  inches  apart,  the  allowable  work- 
ing: stress  for  shear  is 
12,000 


1  + 


12X12 


=  10,070  lb.  per  sq.  in. 


^P  ■  3,000  X  .5  X  .5 

To*     Table  XXXVI  gives  curves  that  show  the  allowable 
working:  stresses  in  plates  from  J  to  1  inch  in  thickness,  and 
from  0  to  100  incheti  in  width,  calculated  from  the  formula  in 
^Mrt.  74*     To  find  by  means  of  the  curve  the  aHowable  work* 
ing  stress  in  the  first  case  considered  above,  we  glance  as  the 
ieft'hand  side  and  find  24,  corresponding  to  an  unsupported 
B^idth  of  24  inches;  we  then  glance  horizontally  across  to  the 
^^curve  for  a  i-inch  plate,  marked  J,  and  then  vertically  down- 
wards to  the  bottom  JinCf  on  which  we  find  6,800,  which  is 
Kbe  allowable  working  stress,  in  pounds  per  square  inch. 
In  the  case  of  plate  girders,  the  flange  angles  are  riveted 
o   the   edge   of   the   web,   and   the  unsupported   distance  is 
taken  equal  to  the  clear  distance  between  the  vertical  legs 
of  the  flange  angles,  or  between  stiffeners,  whichever  is  the 
smaller. 

76f  ISendln^. — The  allowable  working  stress  in  bending 
on  rolled  sections  is  usually  the  same  as  that  allowe<3  in 
tension.  When  the  unsupported  length  of  the  compression 
portion  is  greater  than  a  certain  number  of  times  its  width, 
usually  twenty  times,  it  is  customary  to  decrease  the  allow- 

»able  working  stress  in  compression  by  means  of  some 
reduction  formula,  A  formula  for  this  purpose  will  be 
given  elsewhere. 
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RIVET    VALUES 

NoTE.^The  tables  referred  to  m  this  Section  are  found  in  Bridge 

1.  Introductory*— Rivets  are  used  for  two  principal  pur- 
poses; namely,  to  hold  the  several  parts  of  a  buik-up  member 
together  so  as  to  make  them  act  as  one  piece,  and  to  trans* 
mil  stress  from  one  member  or  part  of  a  member  to  another. 
In  the  first  case,  the  stresses  on  the  rivets  are  not  calculated; 
the  rivets  are  spaced  according  to  established  practical  rules 
that  will  be  given  in  Bridge  Sp^cr /ten f ions.  In  the  second 
case,  the  stresses  on  the  rivets  and  the  number  of  rivets 
required  to  transmit  given  stresses  must  be  computed  in 
order  that  the  allowable  stress  on  a  rivet  may  not  be  exceeded. 

It  has  been  found  by  experiment  that,  when  the  spaces 
between  centers  of  rivets  are  less  than  three  times  the 
diameter  of  the  rivei,  and  the  rivets  are  not  nearer  the  edge 
of  a  plate  than  one  and  one-half  times  the  diameter,  the  only 
conditions  of  strength  that  must  be  considered  are  the 
resistance  offered  by  the  rivet  to  shearing  on  one  or  more 

C^trighttd  ^y  fnttrnaiional  Ttxt^eok  Companit      Enltrtd  at  Stutt'omrrf'  //ail    Lomdtm 

in 


BRIDGE  MEMBERS  AND  DETAILS 


sections  between  the  members  connected,  and  the  resistance 
to  cmshing  offered  by  the  plates  bearing  on  the  rivets. 

3.  Friction  of  Klvftecl  Joints, — As  explained 
Bridge  Members  and  Dettiifs^  Part  1.  rivets  are  driven  hoi,  and 
in  cooling  contract  and  hold  firmly  together  the  parts  through 
which  they  pass.  This  causes  a  certain  amount  of  friction 
between  the  parts,  which  helps  to  transmit  stress  from  one 
member  or  part  of  a  member  to  another.  Il  is  impossible  to 
determine  with  any  certainty  how  great  this  friction  is,  audit 
is  customary  to  ignore  it  in  the  design  of  riveted  joints,  the 
shearing  and  bearing  resistances  alone  being  considered. 

3.     Bhenrlu^   Value* — The    maximum    shearing;    stre 
that  is  allowable  on  a  rivet  is  called  the  sUeai-Ingr  valae 

the  rivet,  or  the  valu<*  of  the 
rivet,  in  shear.  If  a  rivet 
connects  two  plates,  a 
represented  in  Fig.  1,  t! 
stress  in  one  plate  is  trans- 
mitted to  the  other  by  means 
of   the   rivet,  and    the   area 
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subjected  to  shear  is  the  area  of  cross-section  of  the  rivet. 
As  there  is  but  one  section  r  of  the  rivet  subjected  lo  shear, 
the  rivet  is  said  to  be  in 
(iiIr^Ip  shear.  When  a 
rivet  connects  two  members, 
as  represented  in  Fig.  2,  the 
rivet  is  subjected  to  shear  at 
two  sections  d  and  f,  and  is 
said  to  be  in  double  i^bear. 
In    calculating   the   area   of 

cross-section  of   a  rivet,  the  nominal   diameter  is  used. 
The  shearing  value  of  a  rivet  is  found  as  follows: 

Rule.  —  To  find  the  value  of  a  rivet  in  single  shear ^  mtt/iiffi 
iht'  area  of  fross-seciion  of  iht  rivet  by  the  aiiatvshle  intensity 
stress   3 ft  shear;  to   find  the  value  of  a   rii'et  in  double  shei 
muttipiy   twite   the  arm  of  er&ss-seeiian  of  the  rivet    by  the 
uUov^nbh  infensity  of  sit  ess  ? 
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Example.— What  is  the  valwe  of  a  J-inch  rivet  (a)  in  single  shear, 
nd  ib)  m  double  shear,  if  the  working  stress  is  11*000  pounds  per 
quare  inch? 

Solution. — (a)  CousuUtnj^  Table  I,  the  area  of  cross-section  of  a 
iDch  round  rod  is  found  to  be  .601  sq.  in.     Since  the  working  stress 
11^000  lb.  per  sq,  in,,  the  value  in  single  shear  is 
,601  X  J  1. 000  ^  6,610  lb.    Ans. 
(A)     The  valwe  in  double  shear  is 

2x  Ml  X  11,000  =  13.2201b.     Ans. 

4*  Bearlug^  Value. — The  resistance  to  crushing  offered 
y  the  members  that  bear  on  a  rivet  depends  on  the  thick- 
ness of  the  plates  that  Iratismit  the  stress  to  and  from  the 
^ivet^  and  on  the  diameter  of  the  rivet.  When  a  rivet  bears 
on  a  plate,  it  Is  in  contact  with 
the  inside  of  the  rivet  hole,  as 
at  adc,  Fig,  3.  the  intensity  of 
bearing  or  pressure  being  greater 
at  ^  than  at  tf  and  r;  and  it  is  diffi- 
cult to  determine  the  exact  area 
of  bearing.  In  practice,  it  is 
customary  to  assume  that  the  area 
of  bearing  is  equal  to  the  product 
Kof  tl 

Hpiife  bearlni^  value  of  the  plate^  and  is  equal  to  the  product 
^Bof  the  diameter  of  the  rivet,  thickness  of  the  plate^  and 
allowable  intensity  of  stress. 

The  bearing  value  of  a  plate  on  a  rivet  is  frequently  spoken 

I  of  as  the  bearing  value  oftA^  riv^t  on  the  plate,  it  being  under- 
Etood  that  the  bearing  value  of  the  plate  is  meant. 
Example.— If  the  working  stress  in  bearing  is  22,000  pounds  per 
square  inch,  what  is  the  bearing  value  of  a  plate  ^  inch  thick  on  a 
rivet  J  inch  in  diameter? 

SoLL'Tio?!. — The  bearing  value  is  eqnal  to  the  continued  product  of 
the  diameter,  J  in.,  rhe  thickness  of  the  plate,  J  in.,  and  the  working 
^^tresa,  22,000  lb,  per  sq.  in,;  that  is,  the  bearing  value  is 
H|^  ^  X  i  X  ^2,000  »  H«635  lb.     Ads. 

5.     Tables  of  lllrot  Vnlnew.— Tables  XXXVII  to  XL 

give  the  values  of  rivets  frotn  i  to  1  inch  in  diameter,  in 


f  the  nominal  diameter  of  the  rivet  and  the  thickness  of  the 
e.     The  working  strength  of  the  plate  is  commonly  called 
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single  and  double  shear,  for  working  stresses  of  from  6,000 
to  11,000  pounds  per  square  inch  in  shear^  and  the  bearing     , 
values  of  plates  i  to  H  inch  in  thickness  on  rivets  ^  to  1  incb      \ 
in  diametefj  for  working  stresses  from  12,000  to  22,000  pounds     " 
per  square  Inch  in  bearing.     For  example,  if  it  is  desired  to 
know  the  value  in  double  shear  of  a  rivet  J  inch  in  diameter 
for  an  allowable  stress  in  shear  of  9,000  pounds  per  square 
inch,    Table    XXXfX    is  consulted.      In   the    fourth  column 
froro   the   left,   headed    Shear  Values   at  9,000   Pounds  per      | 
Square  Inch,  Double  Shear,  is  found,  opposite  J  in  the  first 
column*  the  value  7,950  pounds,  which  is  the  required  value. 
In  like  manner,  if  it  is  desired  to  know  the  bearing  value  of      I 
a  -"uT-inch  plate  on  a  J-inch  rivet,  for  an  allowable  stress  in 
bearing  of  15,000  pounds  per  square  inch,  Table  XXXVIII 
is  consulted.      In  the  colunin  headed    ]*s.  and  opposite  i  in 
the  first  column,  the  required  value,  7,880  pounds,  is  found. 
In  Tables  XXXVII  to  XL,  the  bearing  values  below  and 
to  the  left  of  the  dotted  lines  are   less  than  the  vaJues  In 
single  shear;  those  below  and  to  the  left  of  the  heavy  full 
lines  are  less   than  the  values  in  double   shear;   and   those 
above  and  to  the  right  of  the  heavy  full  lines  are  greater 
than  the  values  in  double  shear.  h| 

6<  Critical  Value  of  a  Rivet, — Each  rivet  may  be  said  to 
have  three  values;  namely,  its  shearing  value,  and  the  bearing 
values  of  the  members  from  which  and  to  which  the  stress  is 
transmitted.  For  example,  in  Fig.  4,  the  stress  is  transmitted 
from  the  two  angles  it,  a  to  ihe  plate  d.  The  rivets  bear 
the  two  angles,  are  in  double  shear,  and  bear  on  the  plat 
If  the  rivets  are  }  inch  in  diameter,  the  angles  f  inch  thi 
the  plate  i  inch  thick,  and  the  working  stresses  in  shear  and 
bearing  are  9,000  and  18,000  pounds  per  square  inch,  respect- 
ively. Table  XXXIX  shows  that  the  value  in  double  shear  is 
10,820  pounds;  in  bearing  on  the  J-inch  plate,  7,880  pounds; 
and  in  bearing  on  two  ?-inch  angles  (?  inch  total  thickness). 
11.810  pounds.  The  smallest  of  these  three  values — in  this 
case  the  bearing  on  the  J-tnch  plate — is  called  the  frttlcal 
value  of  the  rivet,  and  sometimes  simply  /A**  value  of  the  riveL 
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7»  In  raaking  a  drawing  of  a  riveted  member,  it  is  cus- 
tomary to  show  all  the  rivets  or  to  indicate  their  location  in 
some  way.     When  several  views  of  the  member  are  drawn, 

»ihe  rivets  are  usually  represented  by  the  conventional  signs 
explained  in  Bridge  Memb^n  and  Deiaiis^  Part  1.  When  only 
one  view  is  shown,  and  frequently  also  when  more  views  than 

»one  are  shown,  the  rivets  are  represented  in  other  ways. 
For  example,  in  Figs.  1,  2»  and  4*  the  rivets  are  represented 


I 
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in  the  upper  part  of  each  figure  by  circles;  and  in  the  lower 
portion  they  are  represented  in  elevation.  In  Fig.  5,  they  are 
shown  in  but  one  view.  In  Fig.  6,  the  rivets  are  shown  only 
in  (a),  but  in  that  view  some  are  shown  in  plan  and  some  in 
side  elevation.  In  Fig.  7.  the  conventional  sig^ns  are  not 
shown,  but  the  location  of  each  rivet  is  represented  by  a  small 
cross;  this  method  is  frequently  used  when  there  are  many 
rivets  to  be  drawn. 

8.  Required  Number  of  Rivets.— The  number  of 
rivets  required  to  connect  two  members  is  found  by 
dividing  the  stress  that  is  to  be  transmitted,  by  ihe  critical 
value    of   one    rivet.     For    example,    if    the    stress    that    is 
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sd    from    the   angles   to   the    plate    in    Fig,    4   is 
38,(  utmds,  and  other  conditions  are  as  given  in  Art,  Bg 

then,  ce  the  critical  value  o(  a  rivet  has  been  found  to 
be  7,^f^  pounds,  the  required  nuniber  of  rivets  is  38,000 
-r-  7,880  =  4.82.  The  next  whole  number,  5  in  this  case,  is 
always  provided. 

EiAMPZ-S.— A  lO-inch  20-pound  chactid,  in  which  the  stress  is 
82,500  potiDds,  is  connected  to  &  -j^iach  plaEe  by  J:*iDch  riv^t^,  sa 
represented   in    Pig*.  5.     It   the   forking  stresses  on   the   rivet  si:* 
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9,000  pounds  per  square  inch  in  shearing  and  18,000  ponnds  per 
square  inch  in  bearing,  how  many  rivets  are  required  to  transmit  the 
stress  from  the  channel  to  the  plate? 

Solution.— Consulting  Table  XIH,  the  thickness  of  the  web  of  a 
10-in.  20-Ib.  channel  is  found  to  be  |-in.  Consulting  Table  XXXIX. 
the  value  of  a  i^-in.  rivet  in  bearing  on  a  -f^-in.  plate  is  found  to  be 
6,890  lb.;  in  single  shear,  5,410  lb.;  and  in  bearing  on  the  |-in.  web  of 
the  channel,  5,910  lb.  As  the  value  5,410  lb.  of  a  i-in.  rivet  in  single 
shear  is  the  smallest,  it  is  the  critical  value  of  the  rivet.  Then,  since 
the  total  stress  is  82.500  lb.,  the  required  number  of  rivets  is 
82,600  -i-  5,410  =  15.25,  or,  say,  16.    Ans. 
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ePIilCES    IN    BUILT-UP    MEMBERS 

Ijengtb  of  Members. — Bridge  members  Composed 
of  built-up  shapes  are  occasionally  made  as  long  as  80  feet. 
These  members  are  exceedingly  tiiflficult  to  handle,  both  on 
account  of  their  weight  and  on  account  of  their  size.  Their 
weight,  too,  is  likely  to  cause  excessive  stresses  while  Ihey 
are  being  handled.  In  general,  it  ts  advisable  to  manufac- 
ture long  members,  such  as  chords  of  trusses,  in  several 
sections,  each  being  from  30  to  60  feet  in  length.  The  ends 
of  the  several  sections  are  planed  so  that  they  will  bear 
against  one  another,  and  additional  plates  and  angles^  called 
«lillce  pluti^s  and  t^pHce  anjiclc^v  ^^e  riveted  to  the  ends  of 
the  members  where  they  come  together. 


lOp     Forms  of  NpMo^s. — Fig.  t>  shows  the  elevation  ia) 
and  cross-section  (d)  of  a  spliced  member  composed  of  two 
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channels.  The  ends  of  the  two  sections  arc  brought  together 
and  placed  in  contact  at  c,r.  The  plates  rf,</  are  riveted  lo 
the  inside  of  the  channels^.and  the  plates  e,€  to  the  flanges  of 
the  channels^  Both  d  and  r  are  splice  plates.  In  some 
cases,  the  plates  ^  arc  made  the  full  width  of  the  member,  as 
shown  by  dotted  lines.  The  area  of  cross-section  of  the 
splice  plates  must  in  every  case,  both  for  tension  and  for  com- 
pression members,  equal  the  area  of  cross-section  of  the 
member.  Some  engineers  depend  oo  the  bearing  area  at 
e,c  between  the  ends  of  the  two  portion*  !o  transmit  com- 
pression, and  simply  place  enough  splice  plalei  and  rivets  at 
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the  joint  to  hold  the  member  in  line*  The  best  practice  al 
the  present  time,  however,  is  to  make  the  area  of  the  split 
plates  equal  to  the  area  of  the  member,  and  to  place  enoagi 
rivets  in  each  splice  plate  to  transmit  the  amount  of  stresi 
that  is  transmitted  by  the  plate.  Further  details  regarding 
splices  will  be  given  in  subsequent  Sections^ 


JOINTS    IN    BlVETBl*    TBrSSKS 

11,  Typloul  »Joirit. — Fig.  7  represents  the  top  view  (a), 
Bide  view  (*)»  and  end  view  {t)  of  a  typical  top  chord  joint 
in  a  riveted  taiss.     Fn  parallel-chord  trusses,  the  top  chord  i/^ 


Fid.  T 

IS  made  continuous;  that  is.  the  angles  and  plates  composing* 
it  are  not  joined  at  the  panel  pointSi  unless  it  is  desired  to 
splice  it  at  snch  places.  The  line  dfe  near  the  center  of 
gravity  of  the  chord  is  called  the  center  line  of  the  member, 
and  the  lines  f^  and  f/i,  through  the  centers  of  gravity  of 
the  web  members,  intersect  the  line  dfr  and  each  other  at 
the  panel  point  /.  The  plates  t\  called  ^ii.sst!ts,  or  wet 
couuectlon  ptate^i  are  rlvfted  to  the  insides  of  the  choi 
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member,  and  the  web  members  are  riveted  to  the  inside  or 
outside  ot  these  plates;  in  Fig.  7,  fg  is  shown  ri'^eied  to  the 
^poutstde  and  ///  to  the  inside.  The  location  of  the  web  mem- 
bers with  respect  to  the  gusset  plates  depends  on  other 
details.      Other    joints    will    be    described    in    subsequent 

Kections. 
12.  Rfvetft  In  Connection  Plates. — It  is  customary 
..o  assume  that  one-half  the  stress  in  each  \veb  member  is 
transmitted  to  each  gusset.  The  number  of  rjvets  required 
to  connect  each  side  of  a  web  member  to  a  gusset  i^  found 
by  dividing  one-half  the  stress  in  the  web  member  by  the 
value  of  one  rivet.  The  stress  transmitted  to  the  chord  by 
the  connection  plate  is  equal  to  the  algebraic  sum  of  the 
^A  components  of  the  stresses  in  the  web  members  that  con- 
Hnect  at  the  joints  It  is  seldom  necessary  to  actually  compute 
the  number  of  rivets  required  to  connect  the  gussets  to  the 
chords.  If  the  gussets  are  made  large  enough  to  contain 
sufficient  rivets  to  transmit  the  stresses  to  and  from  the  web 
members,  and  are  riveted  to  the  chords  sufficiently  to  hold 
them  firmly  together,  say  with  a  rivet  pitch  of  3  inches^ 
there  will  invariably  be  enough  rivets. 

H      13,     SIzo   of   Gub^etB.  — It    is    impossible    to   calculate 

accurately  the  stresse:s  in  the  gussets,  and,  therefore,  to 
determine  their  required  dimensions  with  exactness.  It  is 
^Kwell  to  see,  however,  that  the  area  of  cross-section  on  such 
a  section  as  pq.  Fig.  7»  at  right  angles  to  the  diagonal,  is 
sufficient  to  resist  the  stress  transmitted  to  the  gusset  at 
that  point.  The  amount  of  stress  transmitted  to  the  gusset 
at  such  a  section  can  be  found  by  multiplying  the  value  of 
one  connecting  rivet  by  the  number  of  rivets  in  the  gusset 
between  the  section  considered  and  the  edge^  /  of  the  plate. 
It  is  alw*ays  advisable  to  have  an  excess  of  material  in  the 
gusset  at  the  section  considered.  In  practice,  gussets  should 
never  be  made  less  than  -mt  inch  thick  for  highway-bridge 
trusses  nor  less  than  i  inch  for  railroad-bridge  trusses. 

14.     Clearanci?, — When    a   member   is    riveted    to    the 
inside  of  the  gussets,  it  is  customary   to  make  it  i  inch 
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narrower  than  the  dear  distance  between  the  gussets.  The 
object  of  this  is  to  make  it  easier  to  push  the  member 
between  the  assets  when  the  parts  are  being  put  together. 


PIN  JOINTS 

lom  Typical  Pin  Joint. — Fi^:.  S  represents  the  side 
elevation  {a),  end  view  [It),  and  top  view  ic)  of  a  typical 
bottom  chord  joint  In  a  pio-connected  truss.     The  battona 


-EE3 


chord  fife  and  diagonal  //'  are  made  of  eyebars:  the  ven 
///  is  usually  composed  of  two  channels.     The  pin^,  which 
passes   Hiroiigh   the   ends   oi  the   members,   holds   them   in 
position   and  transmits  the  stresses  from  one  member  to 
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aoother.  The  different  members  that  connect  to  a  pin  are 
placed  as  close  together  as  possible.  It  is  customary  to 
locate  the  vertical  member  nearest  the  center  of  the  pin, 
then  the  diag^onals,  and  then  the  eyebars  in  the  bottom 
chord,  alternating  them  as  shown.  The  required  si^e  of  the 
pin  depends  on  the  stresses  to  be  transmitted  and  on  the 
relative  location  of  the  members.  Two  conditions  are  con- 
sidered in  the  design  of  a  pin;  namely,  the  intensity  of 
bearing:  on  the  members,  and  the  bending  moment  on  the  pin. 

16.     Intensity  anil  Requtrt^*!  Tliifkuchiw  of  BearttSfjC. 

The  area  of  bearing  of  a  member  on  a  pin  is  found,  in  the 
same  way  as  the  beariog  area  of  a  rivet,  by  muUiplying  the 
diameter  d  of  the  pin  by  the  thickness  /  or  width  of  the  bear- 
ing-. The  inienstty  of  pressure  st,  is  then  found  by  dividing 
the  total  stress  S  in  the  member  by  the  hearing  area.  Eye- 
bars  are  so  designed  by  the  manufacturers  that  the  intensity 
of  bearing  need  not  be  consideredj  if  the  conditions  given  in 
Table  XXX  are  adhered  to*  In  built-up  members,  however, 
it  is  always  necessary  to  compute  the  intensity  of  bearing:  by 
means  of  the  formula 

'■  -  h 

When  the  diameter  of  the  pin  and  the  working  stress  in 
bearing  are  known,  the  required  thickness  of  bearing  can  be 
found  by  the  formula 

Std 
Table  XLI  gives,  in  columns  3,  4,   and  5,  the  values  of 

Si,d  for  all  the  ordinary  sizes  of  pins  and  for  customary 
working  stresses.  In  case  a  member  has  not  the  required 
thickness,  the  portion  in  contact  with  the  pin  is  reinforced  by 
pin  plates. 

17*.  Pin  Plates!.— Pin  plates  are  placed  on  the  members 
as  represented  in  Fig.  9,  in  which  c,c  are  the  pin  plates.  It 
is  customary  to  assume  that  the  stress  in  a  member  is  evenly 
distributed  over  the  thickness  or  width  of  bearing;  so  the 
amount  transmitted  by  the  pin  plates  can  be  found  by  multi- 
plying the  total  stress  by  the  ratio  of  the  thickness  of  the 
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pin  plates  to  the  total  thickness  of  bearing.     The  pin  plates 

must  be  connected  to  the 
member  by  sufficient  rivets 
to  transmit  this  portion  of 
the  stress  to  the  member. 

Example.— The  total  stress 
transmitted  by  a  member  is 
220,000  pounds.  The  thickness  of 
the  member  in  bearing  on  a  5-inch 
pin  is  i  inch,  and  the  allowable 
intensity  of  bearing  is  22,000 
pounds persquare  inch,  (a)  What 
is  the  required  thickness  of  bear- 
ing? (*)  What  is  the  required 
thickness  of  pin  plates?  (c)  What 
is  the  amount  of  stress  transmitted 
by   the    pin    plates?     (d)  If   the 

rivets   connecting   the   pin    plates   to   the    member   have   a  value  of 

4,860  pounds,   how  many  rivets  are  required? 

Solution. — (a)  The  required  thickness  of  bearing  is  found  by  the 
formula 

In  the  present  case,  5  =  220.000  lb.     Consulting  Table  XLI,  it  is 

seen  that  Si,d  =  110,0(K)  lb.     Then, 

/  =  •J20,(KH)  ~  110.000  =  2  in.     Ans. 
{6}     Since  the  required  thickness  is  2  in.,  and  the  thickness  of  the 
member  is  ^  in.,  the  required  thickness  (tf  pin  plates  is 
2  -  J  =  Ij   in.     Ans. 
{{)     .Since  the  required  thickness  of  pin  plates  is  1^  in.,  and  the  total 
thickness  is  2  in.,  the  amount  of  stress  transmitted  by  the  pin  plates  is 

-\f'^  X  220.(MHI  =  i:'.7,r)00  lb.     Ans. 

((/)     Since  the  amount  of  stress  transmitted   by  the  pin  plates  is 
Ki7..")(K)  11).,  and  the  value  of  one  rivet   is  4,HtR)  lb.,    the   number   of 
rivets  required  to  connect  the  pin  plates  to  the  member  is 
i:!7,r)(K)  -h  4.800  =  28.3,  or.  say.  20.     Ans. 

18.     lU'iKlIii^    Moment    on    the    Pin. — The    required 

diameter  i/  of  the  pin  is  found  from  the  maximum  bending 
moment  A/  on  the  pin.  by  means  of  the  formula 

A/ 


<n 


(1) 


S/ 


in  which  S/  is  the  working  stress  in  bending. 
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As  this  formula  is  not  convenient  for  rapid  work,  it  is  cus- 
tomary in  practice  to  use  a  table  that  gives  values  of  M 
corresponding  to  the  usual  workins;  stresses  and  diameters 
of  pins.  Table  XLI  gives  in  columns  G  to  10  the  values  of 
the  allowable  bending  tnoments  on  different  pins  fur  several 
working  stresses.  Those  bending  moments  have  been  com- 
puted by  means  of  the  formula 


M  = 


B2 


(2) 


For  example,  if  it  is  Itnown  that  the  bending  moment  on  a 
pin  is  27Q,CKjn  inch-pounds,  and  the  working  stress  in  bending 
is  22,000  pounds  per  square  inch,  it  can  be  seen  by  a  glance 
at  column  d  that  a  pin  5  inches  in  diameter  is  required.  The 
method  of  calculating  the  maximum  bending  moments  on  the 
pins  will  be  given  in  a  subsequent  Section, 


EXAMPI-E9    FOB    PRACTICE 

1.     If  the  workJDg  stress  in  shear  is  6,000  pounds  per  square  inch, 
what   is    the   value  of   a   f-iach   rivet:    {a}  in    single   shear?    {6)  in 


double  shear  P 


^^^'ll^j  5.:iooib. 


2.  H  the  working  stress  in  hearing  is  18,000  pounds  per  square 
itich«  what  is  the  beanng;  value  of  a  ^-iuch  rivet  on  a  plate: 
(**)  T^  ioch  in  thickness?    (*)   J  inch  ia  thiukness?   *       J  {a)  '^.b'Ji)  Ut. 

^  S.    A  ^*-iuch  I5-pouDd  channel  in  which  the  stress  is  39,fi00  pounds  is 

'      connected  Ui  a  ^-inch  phite  bv  f-inoh  nvets.     If  the  working  slressps 

are  9,U(MJ  paijfuls   pt?r  square  inch   in   &hear,   and    iH.fKMk  poumls   per 

I      square  inch  Jn  bearing,  hnw  many  rivets  are  fequired?    Ans.   II  rivets 

4.  The  total  stress  iransmitied  by  a  member  is  ISO.Oflfl  pounds. 
The  thickness  of  the  member  in  beannR  on  a  4-iiRh  pin  is  I  inch,  and 

I     the  allowable  intensity  of  hearing  is  18.000  pounds  jier  sqtiurc  inch. 

1     (d)    What    is    the    required    ihiijkness    of   bearitiK?     \f>)    What   is  the 

required    thickness   of    pin    plates?      (f)    Whai   aniaiint    uf   stnss    is 

Itraasiiiitted  by  the  pia  platra?  \{a)  2.5  in. 

Ans.    id)   15  tn 
(r)   KJH.OU)  lb. 

5.  The  naaximum  bending  moment  on  a  pin  iKl67,t00]nch*pounds, 
r  and  the  working  streSi»  ia  bendinif  is  35,(X)0  pounds  per  square  inch* 

What  is  the  required  diameter  of  pLu?  Ans,  -I  in. 
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FLOOR  8YbTEM« 


riX>ORS    IN    lUOHWAY    BBIDGE8 

19,  Klnd8  of  WeaHiiK^  Surfuce, — The  top  of  the  floor, 
coimnonly  called  the  ^w^curln^  surfni?!^,  is.  in  highway 
bridges,  usually  composed  of  one  or  two  layers  of  wooden 
plank  supported  by  wooden  or  steel  beams,  called  fttrltjjjfer*. 
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parallel  to  the  girders  or  trusses  and  having  a  length  eqtial 
to  the  panel  length  of  the  bridge.  When  a  more  durable 
floor  is  required,  it  is  made  of  wooden  or  granite  blocks,  or 
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of  asphalt;  the  wearing  surface  is  then  supported  by  brick 
or  concrete  arches  between  the  stringers,  as  shown  in 
Fig.  10;  by  re  in  forced-concrete  slabs,  as  shown  in  Fig,  11; 
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or  by  buckle  plates,  as  shawQ  in  Fig.  12.    With  each  of  these 
types  of  floors,  concrete  is  brought  up  to  the  subgrade  of  the 
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roadway,  as  shown,  and  the  blocks  or  asphalt  are  placed  on 
top  with  a  layer  of  sand  about  1  inch  thick  for  a  cnsbioQ  coat. 

20,  Arches  Between  Beams.— When  brick  arches  are 
used  between  the  beams,  as  shown  in  Fig.  10,  one  ring  of 
brick  aa  \%  put  in^  and  concrete  is  filled  in  on  lop.  The 
rise  r  of  the  arch  depends  wholly  on  the  depth  of  stringer. 
being  made  greater  for  a  deep  than  for  a  shallow  stringer. 
The  top  of  the  bricks  composing  the  arch  should,  in  general, 
be  no  higher  than  the  top  of  the  stringers*  The  concrete 
should  be  at  least  3  inches  thick  above  the  stringers.  The 
stringers  are  spaced  about  3  feet  apart  in  this  type  of  floor. 
There  is  no  necessity  to  calculate  the  strength  of  the  arch 
just  described^  as  it  will  have  ample  strength  to  carry  any 
loads  that  pass  over  highway  bridges  if  the  stringers  are 
spaced  about  3  feet  apart. 

In  ihe  most  recent  floors  of  this  type,  the  ring  of  brick  is 
omitted  and  the  arch  is  formed  of  concrete.  The  crown  of 
the  arch  js  usually  kept  below  the  lop  of  the  stringers  and 
the  concrete  at  the  crown  is  made  not  less  than  about 
6  tncbes  in  thickness.  This  construction  ia  shown  &t  the 
right  of  Fig.  10,  When  this  type  of  arch  is  used,  it  is  cus- 
tomary to  continue  the  concrete  below  and  around  the 
bottotn    fiaiiges    of    the    stringera    for   protection    agnimit 
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corrosion.  For  this  purpose,  expanded  metal  is  bent  so  as  to 
have  it  close  to  the  top  and  bottom  surfaces  of  the  bottom 
flange,  and  the  concrete  is  then  put  in  to  a  thickness  of  not 
less  than  about  2  inches.  This  is  a  very  serviceable  type  of 
floor,  and  is  preferable  in  many  ways  to  the  brick  arches. 

21.  Belnforeed-Concrete  Blab. — When  the  type  of 
floor  shown  in  Fi£.  11  is  used,  the  stringers  are  spaced 
about  3  feet  apart,  and  the  concrete  slab  is  made  from  6  to 
9  inches  thick.  The  amount  of  reinforcement  depends  on  the 
load  that  the  bridge  is  to  carry.  Ordinarily,  not  less  than 
about  1  square  inch  cross-section  of  steel  should  be  allowed 
to  each  foot  of  length  of  the  slab  measured  at  right  angles 
to  the  steel  rods.  In  this  type  of  floor,  it  is  customary  to 
extend  the  concrete  down  around  the  stringers  so  as  to  pro- 
tect the  steel  from  corrosion.  The  method  of  doing  this  is 
shown  in  Fig.  11. 

When  reinforced  concrete  is  used  for  floor  slabs,  great  care 
should  be  taken  in  mixing  and  placing  the  concrete  as  well 
as  in  the  design  of  the  floor.  Poor  design  and  workman- 
ship have  been  the  cause  of  so  many  failures  in  reinforced- 
concrete  construction  in  the  last  few  years  that  it  is  evident 
that  too  much  care  cannot  be  taken. 

22.  Buckle  Platea. — Fig.  12  shows  the  type  of  floor 
most  frequently  used  when  a  solid  floor  is  required.  The 
stringers  dyt/  support  a  thin  plate  e,  on  top  of  which  concrete 
is  placed;  the  wearinjj:  surface  is  placed  on  a  sand  cushion 
resting  on  the  concrete.  The  plate  e  is  originally  flat,  and 
square  or  very  nearly  square  sections  /,  /,  /,  /,  Fig.  13,  are 
pressed  outwards  2  or  3  inches,  forming  what  are  known  as 
buokh*fe$.  This  plate  c;.n  be  had  in  sections  about,  3  feet 
wide  and  containing  anywhere  from  one  to  eight  buckles. 
The  edges  ^..^  of  the  plate,  and  short  distances  A,h  between 
the  buckles  are  made  straijjht  and  flat  so  that  they  can  be 
riveted  to  the  supporting  stringers.  It  has  been  found  that 
these  plates  are  much  stronger  when  the  edges  are  riveted 
down  than  when  they  are  simply  supported  at  the  edges,  and 
that   they  are   much   stronger   when   the   buckle  is  turned 
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downwards,  as  shown,  than  when  turned  upwards  in  the 
form  of  an  arch.  The  standard  sizes  of  buckle  plates  vary 
from  2  ft,  X  2  ft,  6  in,  by  intervals  of  about  3  inches  to 
4  ft,  X  4  ft.  6  in,     As  a  rule,  it  is  best  to  have  the  buckles 


I 


Pin.  13 

square  or  nearly  square,  and  the  distances  between  them  about 
4  inches;  the  edges  should  also  be  made  about  4  inches  wide. 

Very  little  is  known  about  the  actual  strength  of  buckle 
plates,  but  it  is  known  that,  if  the  stringers  are  spaced  not 
more  than  3  feet  6  inches  apart,  a  thickness  uf  A  inch  is 
sufficient  under  the  sidewalk  and  i  inch  under  the  roadway  to 
support  any  loads  that  will  ever  come  on  them  in  an  ordinary 
highway  bridge.  The  buckle  plates  should  always  be  riveted 
at  the  edges  to  the  stringers  that  support  them,  with  1-inch 
rivets  spaced  about  5  inches  apart. 

When  buckle  plates  are  used  in  (he  floors  of  bridges  that 
cross  steam  railroads,  many  pockets  are  formed  by  the 
stringers  and  floorbeams  that  extend  down  below  the  buckle 
plates.  These  pockets  become  filled  with  the  ^ases  that 
escape  from  the  smokestacks  of  locomotives  passing  under 
them,  and  the  gases  rapidly  corrode  the  steel.  On  account 
of  trains  passing  under  the  bridge*  it  is  extremely  difficult  to 
get  at  these  corroded  surfaces  to  clean  and  paint  them.  For 
this  reason,  it  is  the  best  practice,  at  the  present  time,  to 
paint  carefully  and  thoroughly  all  the  exposed  surfaces  of 
steel  under  the  floor  as  soon  as  the  bridge  is  built,  and  then 
to  construct  a  ceiling  under  the  bottom  flanges  of  the 
striiigers  and  floorbeams.  The  ceiling  is  usually  constructed 
of  expanded  metal  and  concrete  2  ut  r»  inches  in  thickness, 
and    so   arranged    that   no    pockets    are   formed.     This  is 
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accomplished*  in  some  cases,  by  supporting  the  ceiling  directly 
on  the  bottom  flanges  of  the  stringers,  as  showD  at  the  left  of 
Fig.  12.  and  in  others  by  placing:  l^he  ceiling  level  with  the 
bottom  of  the  floorbeam  and  supporting  the  expanded  raetaJ 
by  some  form  of  ceiling  hanger  as  shown  at  the  right  of 
Fig.  12.  

FLOORS    IN    RAILR04J&    BRIDGES 

23.  Open  Floors. — The  standard  open  floor  for  railroa 
bridges  consists  of  cross-ties  resting  on  stringers,  as  shown 
in  Fig.  14.  The  ties  are  usually  8  in,  X  8  in,  in  cross-section, 
10  feet  long,  and  spaced  about  12  inches  center  to  center. 
The  main  rails  ti,  a  are  spiked  to  the  tops  of  the  ties;  between 
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the  main  rails  on  which  the  cars  run,  two  lines  of  rails  d,  &  are 
spiked  to  the  ties  to  act  as  guard-rails^  their  duty  being  to 
keep  derailed  cars  from  moving  sidevvise.  Near  the  ends  of 
the  lies^  guard  timbers  f,  r  are  bolted  to  the  tops  of  the  ties 
to  keep  derailed  cars  from  going  over  the  side  of  the  bridge 
and  also  to  keep  the  ties  properly  spaced*  The  floor  shown 
in  Fig.  14  is  the  most  economical  type  of  fiooFt  but  it  is  not 
adapted  to  all  conditions. 

h  is  frequently  necessary  to  adopt  a  special  form  of 
fioor  that  occupies  less  room  below  the  rail;  besides,  there 
are  many  cases  in  which  it  is  objectionable  to  leave  open  the 
spaces  between  the  ties.  Various  forms  of  solid  floors  are 
used  to  meet  special  conditions,  and  some  of  them  will  be 
considered  here. 

24.     Troujfh  Floors. — A  style  of  traucfh  floor  used  to 

a  considerable  extent  in  the  past  is  shown  in  cross-section  in 
Fig.  15,    The  trough  /J  consists  of  an  upper  and  a  lower 
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half  with  inclined  flanges  riveted  together  as  shown  at  a^  a. 
The  trough  section  is  continued  straight  across  from  girder 
to  girder  or  truss  to  truss,  and  the  ends  rest  on  shelf  angles 


or  on  the  bottom  flanges  of  the  beams,  as  shown  in  Fig.  16. 

The  lop  of  ihe  trough  is  covered  with  gravel  or  broken-stone 
ballast,  and  the  ties  are  set  directly  on  the  ballast  in  the  same 
Way   as    on    solid    grotind. 


This  form  of  trough  ts  being 
^  superseded  by  that  shown  in 
^ppig.  17,  which  is  stronger 
"  and  can  be  connected  much 
L  better  to  the  girders  or  trusses 
^■that  support  it;  in  this  type, 
^  ibe  troughs  are  rectangular; 

they  are  composed  of  plates 
^■and  angles,  and  can  be  given 

any   desired    strength.     The 

k ballast  and  ties  occupy  the 
ftame  relative  positions  with 
respect  to  the  trough  as  in 
Fig.  15.  The  top  of  the 
trough  should  not  be  allowed 
to  come  closer  to  the  rail 
I       than  about  2  inches. 


I 
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25.     Sollfl  Plate  Floors. 

Another  form  of  solid  floor 
is  made  by  placing  a  flat  plate  <i<i,  t^  or  i  inch  thick,  on  top 
of  the  beams  or  stringers*  as  shown  tn  Fig,  18,  and  doing 
away  with  wooden  ties  entirely.     The  rail  is  placed  directly 
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on  top  of  Ibe  p1ate»  and  is  held  in  place  by  sn^all  clips  ^,r 
that  are  boUed  to  the  lop  plate.  In  this  type  of  floor,  ang'tes 
are  riveted  to  the  top  of  ihe  plate  a  a;  they  are  called  ^uard 
angles  and  serve  the  same  purpose  as  giiard-rails. 

Up  to  the  present  time,  none  of  the  types  of  solid  floors 
used  ia  railroad  bridges  have  given  entire  satisfaction.    This 


^^:- 
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is  due  principally  to  the  fact  that  water  and  dirt  accumulate 
in  contact  with  the  steel  and  the  latter  corrodes  very  rapidly. 
During  the  last  lew  years,  various  forms  of  reinforced-con- 
crete  floors  have  been  tried.  These  have  almost  all  been 
modifications  of  the  genera!  type  shown  in  Fig.  11  for  high- 
way bridges.  The  ballast  is  usually  placed  on  top  of  the  con- 
crete^  and  a  thickness  of  several  inches  placed  tinder  the  ties* 


Fir.  IH 

These  floors  have  not  been  in  use  for  a  sufficient  lengrth  of 
lime  to  establish  their  suitability  for  this  purpose.  Some 
engineers  have  adopted  them  as  standard  for  certain  condi- 
tions; others  will  not  use  them  on  account  of  the  liability  of 
the  concrete  to  crack*  owing  to  the  impact  and  vibration  of 
trains  and  the  defiectton  of  the  bridge. 
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■         STRINGERS  AND  STKINGKR  CONNECTIONS 

^  2G,  SLrln^or». — Stringers  of  floor  systems  are  usually 
either  wooden  beams,  I  beams^  or  plate  girders.  When  plate 
girders  are  used^  each  flange  is  generally  composei^  of  two 
angles  with  no  flange  plates,  although  in  very  long  spans 
flange  plates  are  sometimes  used.  The  design  of  stringers 
is   no    more   difficult   than    that   of   simple  beams,    but    the 

» design  of  the  connections  should  be  made  with  care. 
f    27*     StHnKt>i'  Couiit^rtSoii  At]jcle*«,  —  For  the  purpose 
bf  connecting  the  stringer  to  the  doorbeam,  connection  angles 
fire  riveted  to  the  ends  of  the  stringers.     Fig.  19  represents 
the  side  view  (a)  and     ^     > 


end  view  {ft}  of  the  end 
of  an  I-beam  stringer 
furnished  with  hitch, 
or  connection,  angles^. 
The  hitch  angles  are 
made  as  long  as  pos- 
sible, that  is,  as  long  as 


(b) 


(a) 


Fir,.  10 


the  Straight  portion  of  the  web,  and  riveted  tight  to  the  web. 

»Fig.  20  represents  the  side  view  ia)  and  end  view  (b)  of 
the  end  of  a  plate-girder  stringer  furnished  with  hitch  or 

connection  angles  r. 
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The  hitch  angles  are 
made  as  long  as  pos' 
sible,  that  is,  very 
nearly  as  long  as 
the  clear  distance 
between  outstanding 
legs  of  the  flange 
angles,  and  are 
riveted  to  the  outside  surfaces  of  the  flange  angles,  the  space 
between  them  and  the  web  between  the  flange  angles  being 
filled  by  means  of  fillers  d  having  the  same  thickness  as  the 
^ange   angles.     These  fillers   are   usually   of   greater  width 
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than  the  connection  angle,  and  are  made  tight  by  riveting 
them  to  the  web  outside  of  the  leg-  of  the  connection  angle, 
forming  what  are  kpown  as  tli^lit  fillcrj^. 

The  number  of  rivets  requiret^  to  connect  the  conneclio 
angles  to  the  end  of  a  stringer  is  found  by  dividing  th 
maximum  reaction  on  the  stringer  by  the  value  of  one  rivet 
For  an  I-beam  stringer,  the  critical  value  of  the  rivet  is 
usually  its  value  in  bearing  on  the  web.  For  a  plate-girder 
stringer  with  tight  fillers,  the  combined  thickness  of  web  and 
tight  fillers  is  counted  as  bearing  on  the  rivets  and  the  critical 
value  of  the  rivet  is  usually  its  value  in  double  shear. 

Example.— The  maximura  reaction  at  the  end  of  the  I  beam  repre- 
sented in  Fig.  19  is  45,{XX1  pounds.  Htjw  maoy  }-inch  rivets  are 
required  to  connect  the  hitch  angles  to  the  web.  which  is  ^  inch  in 
thickness,  if  the  working  stresses  in  shear  and  bearing  are  HJKN]  and 
18,000  pounds  per  square  iiiph,  respectively? 

Solution.— Consultitis  Table  XXX[X,  the  value  of  a.  }-inch  rivei  in 
double  shear  is  fount!  to  be  7.1*50  lb.,  and  in  bearing  on  a  J-inch  iveb 
ej.'jO  lb.     Shice  the  huter  is  the  smaller,  it  in  the  critical  value  of  tb 
rivet,  and  the  required  number  of  rivets  is 

4S.000  -5-  6J50  =  r..7.  or.  say,  7.     Ans, 

28.  8trln^er  ConntH'tlon  to  Floorbpaiiis. — There  are 
several  methods  of  connecting  stringers  to  fioorheatns.     The 
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principal  methods  are  repre^iented  m  Fig^s.  21  to  24,  in  all  of 
which  A  B  x^  the  cross-section  of  the  floorbeam^  and  CD  are 
portions  of  the  stringers  that  connect  to  them.  Fig-.  21  shows 
the  connection  that  is  employed  when  it  is  desirable  to  use 
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stringers  and  it  is  necessary  to  keep  the  depths  of  floor  as 
small  as  possible.  The  bottoms  of  the  stringers  rest  directly 
on  top  of  the  bottom  flange  of  the  tloorbeam.  The  out- 
standing legs  d  of  the  connection  angles  come  in  contact 
with  the  vertical  legs  of  the  bottom  flange  angles  of  the 
floorbeams,  and  fillers  e  having  the  same  thickness  as  those 
angles  are  placed  between  the  connection  angles  and  the  web. 
This  connection  can  be  used  only  when  the  depth  of  the 
floorbeani  is  but  litrle  greater  than  that  of  the  stringer. 

Figs,  22  and  2^^  show  connections  that  are  sometimes  used 
when  the  floorbeam  is  considerably  deeper  than  the  stringer 
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and  the  bottom  of  the  stringer  is  a  sufficient  distance  above 
the  bottom  of  the  floorbeam.  A  chair  or  shelf  is  provided 
by  riveting  to  the  bottom  flange  or  web  of  the  floorbeam  a 
short  shelf  angle  e  parallel  to  the  flange;  and  when  this  is 
above  the  bottom  flange,  as  in  Fig.  23,  inserting  short 
stiffeners  /  between  the  outstanding  legs  of  the  shelf  and 
the  bottom  flange  angles.  The  connection  angles  are  riveted 
to  the  floorbeani  web  the  same  as  it  the  chair  or  shelf  were 
not  provided;  the  latter  simply  affords  additional  strength 
and  belter  distributes  the  load  from  the  stniiger  over  the 
floorbeam.     The  connection  shown  in  Fig.  23  is  by  far  the 
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best  type  of  connection  between  stringers  and  floorbeam, 
^nd  should  be  used  wherever  condicions  permit.  The 
designer  should  endeavor  so  to  arrange  his  connections  that 
this  form  can  be  used. 

In  deck  truss  bridges  and  in  through  bridges  in  which  the 
allowable  depth  of  floor  is  comparatively  great,  the  stringers 
are  sotneiinaes  placed  directJy  on  top  o(  the  lop  flanges  of 
the  floorbeamsi  as  represented  in  Fig.  24*  When  they  are 
placed  in  this  position,  the  ends  of  the  stringers  are  usually 
connected  by  plates  r  that  serve  to  keep  them  in  line.  Stiff- 
eners  /  having  a  length  of  at  least  one-half  the  depth  of 
floorbeam  and  preferably  the  full  depth  of  the  floorbeara 
should  be  placed  under  each  stringer. 

20*  It  is  very  important  that  there  should  be  sufficient 
rivets  lo  connect  the  connection  angles  to  the  floorbeams;  as 
it  has  been  found,  in  practice,  that  under  the  actual  con- 
ditions of  loading  these  rivets  become  loose  before  any 
others  in  the  bridge,  showing  that  they  are  subjected  lo 
secondary  stresses  whose  magnitude  cannot  be  calculated. 
The  number  of  rivets  required  is  found  in  the  ordinary  way, 
by  dividing  the  load  coming  from  the  stringer  by  the  value 
of  one  rivet.  The  critical  value  of  one  of  these  rivets  con- 
necting the  angles  to  the  floorbeara  is  usually  the  value  in 
single  shear. 

The  design  of  stringers  and  stringer  connections  will  be 
treated  in  subsequent  Sections, 


Ff,OORBEAM8 

30.  Shapes  Used  for  Floorbeaiiis. — I  beams  are  some- 
times used  for  floorbeams  of  highway  bridges,  but  in  railroad 
bridges,  and  frequently  in  highway  bridges,  plate  girders  are 
used. 

31.  Floorbeam  Conneptlons.  —  Floorbeams  are  con- 
nected to  girders  and  trusses  in  almost  the  same  way  as 
stringers  are  connected  to  floorbeams^  but  the  actual  connec- 
tion depends  on  the  details  m  each  case. 
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LATERALr  Sl'STEMS 

32.  Lateral  Trusses. — The  lateral  trusses  of  truss 
bridges  were  discussed  in  Stresses  in  Bridge  Trusses,  Part  5. 
The  lateral  trusses  of  plate-girder  bridges  are  somewbat 
different  from  those  of  truss  bridges,  but  the  same  principles 
apply  to  both.  //  is  cusiomaty  to  ijpiore  the  sirfsses  dttt  (o 
wind  ptrssi/re  and  cenfrihtgal  forfe  in  the  girders  when  the 
lalier  art  considered  as  chord  members  of  laiera!  irttsses* 

The  diagonals  of  lateral  trusses  are  usually  called 
laterals. 

33-     In  deck  girder  bridges,  lateral  trusses  are  provided 

in  both   the   top   and   bottom   flanges.     Each   has  the  form 
represented  in  Fig^,  25,     The  stresses  are  found  in  the  same 
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way  as  in  the  Warren  truss.  As  there  is  only  one  system  of 
diagonals,  the  stresses  in  them  will  be  sometimes  tension 
and  sometimes  compression,  according  to  the  direction  in 
which  the  wind  blows^  and  they  must  be  designed  for  this 
reversal  of  stress  according  to  the  rules  given  in  Bridge 
SpecificaiioHs.  In  Fig.  25,  the  members  marked  a  are  simply 
cross-Struts  to  connect  the  two  flanges;  those  marked  b  arc 
intermediate  transverse  frames;  and  those  marked  c  are  end 
transverse  frames.  It  is  customary  to  locate  the  frames  so 
that  the  diagonals  will  make  an  angle  of  about  45^  with  the 
center  line  of  the  bridge. 

34*  In  half-through  plate-girder  bridges,  there  is  but  one 
lateral  truss,  composed  of  two  systems  of  diagonals  like 
those  described  for  truss  bridges.  When  the  panel  length 
of  the  bridge  is  less  than  one-half  the  distance  center  to 
center  of  girders,  the  panels  of  the  lateral  trusses  are  fre- 
quently made  twice  the  length  of  the  panel  of  the  bridge,  as 
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represented  in  Fig.  26.  In  this  figure,  a,  a  are  the  end  floor- 
beams,  and  hyC,  the  intermediate.  The  diagonals  of  the  two 
systems  intersect  each  other  at  the  center  of  the  Hourbeams 
marked  b,  and  are  attached  to  each  other  and  to  the  floor- 
beams  by  means  of  connection  plates  and  angles.  The  ends 
of  the  laterals  intersect  near  the  center  lines  of  the  girders,  at 
the  ends  of  the  floorbeams  marked  c^  and  are  connected  to 
each  other,  to  the  floorbeams.  and  to  the  girders  by  means 
of  connection  plates.     It  is  impossible  to  calculate  accurately 
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the  stresses  in  the  diagonals  of  this  type  of  truss:  the  usual 
practice  is  to  assume  that  the  shear  in  any  panel  of  the  bridge 
due  to  wind  pressure  or  centrifugal  force  or  both  is  resisted 
by  one  diagonal  in  tension,  the  other  being  out  of  action. 
For  example,  if  there  is  no  centrifugal  force  acting  on  the 
bridge  represented  in  Fig.  26^  and  the  maximum  shear  in 
the  panel  de  due  to  wind  pressure  is  \  '„,  then^  as  the  wind  may 
blow  in  either  direction,  both  diagonals  must  be  designed  for 
a  tension  equal  to  W  esc  H. 

35.     Lateral  Couiiectloiis.^The  method  of  connecting 

laterals  to  trusses,  girders,  and  fioorbeams  depends  to  a 
great  extent  on  the  connections  of  stringers  to  floorbeams 
and  floorbeams  to  girders  and  trusses.  When  the  floor- 
beams  of  half-through  bridges  rest  on  the  bottom  flanges  of 
the  girders,  as  is  frequently  the  case*  the  lateral  connection 
is  invariably  made  as  represented  in  Fig.  27.  In  this  figure, 
(Iff  is  a  portion  of  the  lower  flange  of  the  plate  girder;  bb^ 
the  lateral  connection  plate  resting  on  top  of  the  flange 
angles;  c r,  a  portion  of  the  bottom  flange  of  the  floorbeam; 
dd,  the  bottom  flanges  of  the  stringers;  and  ee^  the  laterals. 
When  the  stringers  rest  directly  on  top  of  the  bottom  flange 
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angle  of  the  floorbeam,  the  laterals  are  placed  beluw  the 
plates^  and  fillers  /  of  sufficient  thickness  are  placed  between 
the  bottom  of  the  Btrin^er  and  the  lop  of  the  lateral,  as 
represented  at  the  leit  of  the  floorbeam  in  Fig.  27,  When 
the  stringers  are  riveted  to  the  floorbeams.  a  short  distance, 
usually  not  over  7  inches,  above  the  bottom  flange  angleSi 
the  laterals  are  placed  above  the  connection  plates  and  are 
connected  to  the  stringers  by  means  of  lug  or  hitch  angles^, 


as  represented  at  the  right  of  the  floorbeam  in  Fig.  27- 
When  the  bottoms  of  stringers  are  more  than  6  or  7  inches 
above  the  bottoms  of  the  floorbeams,  the  connections  between 
the  laterals  and  the  stringers  are  sometimes  dispensed 
with*  and  the  laterals  are  located  in  either  of  the  two  ways 
represented  in  Fig.  27,  the  fillers  /  and  hitch  angles  g 
being  omitted. 

36.  When  the  bottoms  of  the  stringers  are  more  than 
6  or  7  inches  above  the  bottoms  of  the  floorbeams,  and  it  is 
desired  to  maintain  the  connection  between  the  stringers 
and  the  laterals,  the  arrangement  represented  in  Fig.  28  is 
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used.  The  angles  a^a  are  connection  or  hitch  angles  riveted 
to  the  webs  of  the  girder  and  floorbeam  above  the  lower 
flange  angles;  i^,  6  are  the  lateral  connection  plates,  which 
may  be  either  above  or  below  the  angles  a,  a;  and  c^c  are 
the  laterals,  which  are  invariably  placed  below  the  connec- 
tion plates,  as  shown,  and  at  such  an  elevation  lliat  they  can 
be  riveted  directly  to  the  lower  flanges  of  the  stringers,  as 


Fit:     3J 

at  (/,(/,  without  the  necessity  of  any  intermediate  filling 
pieces.  There  should,  as  a  rule,  never  be  less  than  four 
rivets  in  the  connection  of  the  lateral  connection  plate  ^ 
to  either  hitch  angle  tr,  nor  less  than  five  rivets  in  the 
connection  of  any  hitch  angle  to  the  web  of  the  girdef] 
or  floorbeam. 

37,  The  lateral  connections  of  deck  bridges  are  similar 
to  those  of  half*thro;igh  bridges.  The  connection  platen  are 
either  riveted  to  the  flanges,  as  represented  in  Fig.  27,  or  toj 
hitch  angles  that  are  riveted  to  the  webs  of  the  girders  below 
the  top  flange  angles  and  above  the  boltom  flange  angles,  as 
represented  in  Fig.  28.  The  latter  method  is  to  be  preferred 
in  the  case  of  a  deck  bridge,  because  il  lowers  the  top  htteral 
system  so  that  it  does  not  interfere  with  the  wooden-floor 
system,  as  sometimes  happens  when  the  lateral  conneclioa 
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plates  are  riveted  directly  to  the  outstanding  legs  of  the  lop 
flange  angles. 

38.  Ti'ansverse  Frames. — In  both  of  the  cases  men- 
tioned in  the  preceding  article,  a  pair  of  stiffeners  is  located  on 
the  girder  at  each  panel  point  of  the  lateral  truss,  and  a  trans- 
verse strut  or  frame  is  riveted  to  the  stiffeners.  Fig.  29 
represents  a  cross-section  of  a  deck-girder  bridge  and  an  end 


transverse  frame.  The  lateral  connection  plates  a, a  arc 
riveted  directly  to  the  outstanding  legs  of  the  flange  angles, 
and  the  frame  is  made  deep  enough  to  fit  between  the  connec- 
tion plates.  Fig.  30  also  rcprescnt»  a  crusn-aection  of  a  deck 
plate-girder  bridge  and  an  end  transverne  frame.  The  lateral 
connection  plates  in  this  case  are  riveted  to  the  hitch  angles, 
and  the  frame  is  made  deep  enough  to  fit  lieiwecti  the  connec- 
tion plates.  In  both  of  theme  figures,  the  same  detail  is  Uited 
for  the  intermediate  transverse  frames  as  for  the  end  frames, 
wllh  the  exception  that  but  one  diagonal  is  provided.  Where 
only  a  transverse  strut  is  desired,  both  diagonals  are  omitted. 
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When  deck-plate  girders  are  very  shalloWj  say  less  than 
3  feet  deep,  the  transverse  frames  are  sometimes  composed 
of  a  solid  web  and  two  angles,  as  represented  in  Fig.  31,  or 


4 
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are  latticed,  as  represented  in  Fig.  32;  tn  this  case  the  lower 
lateral  truss  is  usually  omitted.     When  these  types  of  trans- 
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verse  frames  are  used,  the  end  and  intermediate  frames 
made  the  same.     The  frames  representei        ~ 
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are  used  also  to  connect  the  ends  of  end  slringexs  to  each 
other  and  to  the  girders  or  trusses  when  there  are  no  end 
rtoorbeams- 
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39.  Portals  and  Trausverse  8trats.  ^ — ^  Portals  and 
transverse  strutii  and  frames  of  through  bridges  are  arranged 
to  conform  to  other  details,  and  will  be  treated  in  connection 
with  design. 


BEARTNGS 


BEDPLATES    AJ«D     KOCKERH 

40*  Bedplates.— Where  trusses  or  girders  rest  on  the 
bridge  seat  or  abutment,  large  steel  plates,  called  bedplates, 
are  placed  on  the  masonry  so  as  to  distribute  the  pressure 
evenly.  The  required  area  of  bearing  is  found  by  dividing 
the  reaction  by  the  allowable  intensity  of  pressure.  In 
short-span  bridjjes,  say  less  Ihun  75  feet,  the  reaction  is 
sufficiently  distributed  by  bedplates  i  or  1  inch  thick. 

41*  Itockers.  — For  spans  longer  than  75  feet,  the 
method  of  distribution  given  in  Art,  40  is  unsatisfactory,  as 
the  greater  deflection  of  the  span  makes  the  contact  between 
the  bedplate  and  masonry  somewhat  imperfect,  throwing 
more  load  on  the  front  than  on  the  back  of  the  bedplate.  To 
distribute  the  load  more  evenly  over  the  masonry,  rooker 
boaftngs  are  used,     A    rocker   bearing  is  represented  in 
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outline  in  Fig.  33.  The  girder  or  truss  rests  on  the  upper 
half  d  of  a  pedestal,  in  the  bottom  of  which  is  a  seraicylin- 
drtcal  hole  that  just  fits  a  pin  placed  at  ri^ht  angles  to  the 
truss  or  girder.  This  pin  is  supported  by  the  lower  half  6  of 
the  pedestal^  which  rests  on  the  masonry.     When  this  device 
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is  used,  the  load  is  always  concentrated  on  the  pin,  and  the 
u{)per  half  rocks  slightly  back  and  forth  as  the  truss  or  girder 
dertects;  the  load  being  always  concentrated  on  the  pin,  which 
is  at  the  center  of  the  pedestal,  the  pressure  on  the  masonry 
is  always  evenly  distributed. 


HOLLERS 

42.  Changes  of  temperature  cause  bridges  to  expand  in 
contract.  The  diUcrence  between  the  lengths  of  the  bridge 
at  the  highest  and  lowest  temperatures  may  amount  to  1  inch 
in  IW  feet.  For  spans  less  than  about  75  feet,  it  is  assumed 
that  Ihe  hridce  will  atljnst  itself  to  these  changes,  and  the 
top  of  the  bedplate  and  bottom  of  the  bridge  at  one  en 
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((commonly  called  the  espunstou  end)  are  planed  smooth 
(SO  that  the  end  can  slide  back  and  forth  more  easily.  For 
spans  of  greater  lengthy  the  load  is  so  great  that  the  ends 
slide  with  difficulty,  and  it  is  necessary  to  place  rollers,  called 
expaiisldn  rollers^  under  one  end,  and  a  bedplate  between 
the  rollers  and  the  masonry,  as  shown  in  Fig,  34,    When  the 
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truss  expands  or  contracts,  the  end  under  which  the  rollers 
are  located  moves  back  and  forth  on  the  rollers.  These 
rollers  are  usually  made  from  3  to  6  inches  in  diameter. 
The  design  of  pedestals  and  rollers  will  be  treated 
elsewhere. 


AUCnOn    BOT-TS 

43.  Both  ends  of  every  truss  or  girder  are  fastened  to 
the  masonry  by  means  of  bolts,  called  anchor  bolt9. 
Fig.  35  shows  fonr  kinds  of  anchor  bolts  that  are  commonly 
used.  For  each  of  these,  a  hole  about  12  inches  deep  is 
drilled  in  the  masonry,  the  bolt  is  dropped  into  this  hole, 
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and  the  rest  of  tlie  hole  is  then  filled  with  sulphur,  lead.  of. 
cement.  The  bolts  shown  at  12  and  d  are  sometimes  called^ 
t'Utf  or  tloju-  boltfs;  that  shown  at  c  is  simply  a  screw  bolt.^ 
In  the  form  shown  at  d,  a  wedge  is  inserted  in  the  end  ot\ 

the  bolt,  and  this  en< 
r^^^n\  is  placed  in  the  hole; 
the  boh  is  then  struck 
hard  on  top  to  force 
out  the  sides  at  the 
bf^ttom,  so  that  they 
will  grip  the  masonry 
firmly.  The  rest  of 
the  bole  is  then  filled 
with  sulphur,  lead,  or 
cement. 

At  the  expansion  end 
of  the  bridge,  the  holes 
in  the  pedestal  or 
bottom  flange  through  which  the  anchor  bolts  must  pass  are 
made  longer  than  the  width,  as  shown  in  Fig.  36,  so  that 
that  end  can  move  freely  backwards  and  forwards-  The 
boUs  at  this  end  simply  serve  to  keep  the  bridge  frora  moving 
sidewise;  those  at  the  other  end^  com^ 
monly  called  the  flxi'tl  end,  serve  to 
hold  the  bridg^e  in  place  longitudi- 
nally as  well  as  laterally. 
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CAMBER 

44.  When  a  bridge  is  loaded^  it 
deflects  and  forms  a  curve,  the  center 
of  the  span  being  lower  than  the  ends. 

To  counteract  this  tendency,  and  make  the  floor  nearly 
level  when  the  bridge  is  loaded,  trusses  are  built  so 
that  they  curve  slightly  upwards  when  there  is  no  load 
on  the  bridge,  and  assume  a  position  almost  horisontal  when 
the  load  is  applied.  This  upward  curve  is  spoken  of  as 
the  camber. 
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Trusses  are  cambered  by  making  the  panels  of  the  top 
chord  slightly  longer  than  the  panel  lengths  of  the  lower 
chord,  the  usual  allowance  being  i  inch  for  every  10  feet. 
For  example,  if  the  panel  length  of  a  truss  is  20  feet,  the 
pins  or  intersections  of  the  center  lines  in  the  top  chord  will 
be  20  feet  i  inch  apart.  This  gives  the  truss  the  appear- 
ance shown  in  Fig.  37  to  an  exaggerated  vertical  scale. 
The  joints  in  the  chords 
are  approximately  on 
curves,  and  the  verticals 
may  be  considered  to  be 
on  radii  to  these  curves. 

The  actual  length  of 
a  diagonal  of  a  truss 
with  camber  is  equal  to  the  length  of  a  diagonal  of  a  truss  of 
the  same  depth  having  no  camber,  and  whose  panel  length 
is  a  mean  between  the  actual  lengths  of  the  top  and  bottom 
chord  members.  For  example,  if  the  height  of  truss  in 
Fig.  37  is  20  feet,  the  mean  of  the  lengths  of  the  two  chord 
members  in  one  panel  is 

i  X  (20  feet  +  20  feet  i  inch)  =  20  feet  i  inch 
and  the  actual  length  of  a  diagonal  is 

V[20  feet)'  +  (20  feet  i  inch)*  =  28.292  feet 
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TABIiE  I 
ARBAS    AND    TVEIGHTS    OF    ROUND    RODS 


1^ 

Area  of 
Section 
S<]uare 
Inches 

Weight 

F^>t 
Pounds 

Diameter  | 
Inches 

Area  of 
Section 
Square 
Inches 

Weiaht  i 
jicr       1 

PtXit       j 

Pounds  ' 

1                    1 
Diameter 
Inches      j 

Area  of 
Section 
Square 
Inches 

Wei«ht 

FtKJt 

Pounds 

A 

.003 

.010 

!    '^ 

1.92 

6.52 

3* 

7.67 

26.08 

1 

.013 

.042 

'    iS 

2.07 

70s 

3i 

8.30 

28.20 

ft 

.028 

.094 

in 

2.24 

7.60 

3l 

8.95 

30.42 

I 

.049 

.167 

1* 

2.41 

S.18 

34 

9.62 

32.71 

ft 

.077 

.261 

j    ^i« 

2.58 

8.77 

38 

10.32 

35-09 

1 

.110 

•375 

il 

2.76 

9-39   ; 

3i 

11.04 

37-56 

ft 

-150 

•5" 

,    '^^ 

2-95 

10.02 

3i 

11.79 

40.10 

i 

.196 

.667 

1    2 
1 

314 

10.68 

4 

12.57 

42.73 

ft 

.248 

.845 

2,1, 

3-34 

ti.36 

4* 

>3-36 

45-44 

i 

•307 

1.04 

,       2j 

3-55 

12.06 

4i 

14.19 

48.24 

U 

-371 

1.26 

1     2A 

3.76 

12.78    1 

4l 

1503 

5MI 

i 

.442 

1.50 

1       2i 

398 

M-52 

4i 

15.90 

54.07 

H 

■518 

1.76 

1       2.=^, 

4.20 

14.28  ; 

4ii 

16.80 

57- '2 

J 

.601 

2.04 

4.43 

1507  ■ 

4} 

17.72 

60.25 

Ii 

.690 

2-35 

1       '»^ 

4.'>7 

15-86 

4? 

18.66 

63.46 

I 

■785 

2.67 

1      2i 

4.91 

16.69    j 

5 

19.63 

66.76 

ih 

.887 

30" 

1   2A 

5.16 

1753 

5* 

20.63 

70.14 

Ift 

994 

.v^ii 

2fi 

541 

18.40    ' 

5t 

21.65 

73-60 

lA 

1. 11 

377 

1       '1* 

5f>7 

19  29 

5i 

22.69 

77- '5 

li 

1-23 

4.17 

2* 

5-94 

20.20    1 

5i 

23-76 

80.77 

i.% 

1-35 

4.'io 

2ii 

6,21 

21.12 

5l 

24.85 

84-49 

't 

1.4S 

505 

21 

ft.49 

22.07    ' 

Si 

2597 

88.29 

'A 

1.62 

5-52 

^\l 

6.7H 

2304    ■ 

5A 

37.11 

92.17 

Ii 

1-77 

ft.  01 

■    3 

7.07 

2403 

6 

aH.27 

96.14 
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TABLE  II 
AKEA8    A?«D    WEIGllTH    OF    SQUARE    HODS 


i 


III 

Ananf 

WciRht 

III 

Area  fjf 

Wcitfbt 

1|i 

Ares^:^ 

WriKhl 

Sectidft 
Rquart 

Pout 

Suction 

SqUftrt 

Fopt 

Section 

SquaJT 

P.Mt 

Iach» 

Pdund« 

IncKcfl 

Pcmndfi 

Inches 

PClltld* 

A 

.«M 

.013 

ift 

J.44 

S.IO 

j4 

P77 

33^0 

i 

.016 

.055 

a 

3.64 

s.Qa 

3i 

10,56 

35^* 

A 

'D35 

.1*0 

'H 

a.8S 

g-flS 

3l 

11.39 

3873 

i 

.063 

ai^ 

^i 

J.06 

10.41 

3i 

12,1$ 

41  6S 

\ 

.098 

■3J2 

iH 

3-20 

11.17 

3l 

1314 

44.6S 

f 

.141 

4?8 

t{ 

3-5^ 

i'*35 

.1 

14.06 

47'S» 

/. 

Agi 

■65^ 

«H 

>7S 

1*76 

3i 

(5OJ 

St^t^ 

i 

.550 

Ssci 

a 

4.00 

I^^Bd 

4 

16-OO 

54-40 

A 

.3ifi 

i.ofi 

»A 

4.IS 

t44* 

4i 

17,01 

57SS 

1 

S9» 

1-.13 

«* 

4^52 

1535 

4i 

l&.OA 

fli.41. 

» 

.473 

i.fit 

»A 

4.79 

16.37 

4l 

1914 

fiS.oft 

i 

.562 

1.91 

»i 

5.06 

17.3  a 

44 

20.15 

6S.S5 

ij 

.660 

5'S 

>A 

5'3S 

T8.19 

4i 

2139 

7^73 

ii 

.766 

j.6o 

si 

5^64 

19.1S 

4i 

33.56 

76,71 

» 

.87Q 

2.99 

=iA 

S94 

30.30 

4l 

=3-77 

»a^i 

1 

t,oo 

340 

H 

0.35 

31.25 

5 

35.00 

Ssoa 

•  A 

i'3 

3.84 

»A 

6'57 

22-33 

5i 

36.37 

S9.30 

>i 

i.a? 

4.10 

=.1 

6.Sg 

=343 

5* 

37.56 

9  J  73 

"ft 

1^1 

4.8o 

>H 

7" 

24.56 

5l 

36.89 

98^*3 

<i 

i-SG 

S-Ji 

»l 

7^S6 

as  J I 

5l 

3=>^S 

io».8 

lA 

173 

5.86 

'H 

7-91 

31^90 

5« 

31.64 

107.6 

ti 

i.eg 

6-43 

^l 

e,:i7 

aS.to 

Si 

33  <* 

113,4 

I A 

J.07 

70J 

a« 

8.63 

*9.34 

51 

34. 5> 

"74 

'* 

^35 

7-65 

s 

g,oo 

30.60 

6 

36.00 

iaa.4 

% 
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TABIDS  m 
UPSET   SCBSW    ENBS    FOB   ROUKD   AMD    SQUARE    RODS 


«==! 

— t,—* 

Sd 

Round  Rods 

Sciuare  Rods 

Diatneler  of 

Rod 

Inches 

•- 

5 

■3 

111 
III 

III 

|ll 

.-be-   u 

•i 

D 

I 

L 

t/ 

<* 

£> 

L 

u 

i 

4 

3i 

* 

li 

4 

3i 

I 

i\ 

4 

5 

i 

li 

4 

4 

I 

li 

4 

4i 

I 

I* 

4 

4 

li 

li 

4 

3i 

li 

i| 

4i 

4i 

il 

a 

4i 

3i 

li 

li 

4l 

4i 

li 

1} 

4i 

3i 

li 

3 

S 

44 

I* 

2 

5 

4i 

iJi 

»1 

5 

4i 

If 

H 

5 

4i 

ij 

^3 

5* 

4f 

■if 

^i 

5 

4 

ij 

2i 

5i 

4i 

li 

2i 

Sh 

4i 

xi 

2jf 

6 

Si 

3 

H 

5i 

3* 

2 

2* 

6 

4i 

4 

2i 

•  5l 

3l 

2\ 

3 

6 

4Jl 

2i 

H 

6 

4l 

A 

3i 

6i 

5Ji 

2f 

3 

6 

43 

2i 

3* 

7 

6* 

^i 

3i 

6^ 

- 

4f 

2i 

3S 

8 

6i 

2S 

3i 

6h 

4t 

2i 

3J 

8 

6i 

2i 

il 

7 

4i 

2l 

4 

8 

6 

2j 

3? 

8 

Si 

2l 

4i 

9 

8 

3 

3? 

8 

5l 

3 

4i 

9 

7i 
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i  ^^ 

TABLE   TV 

SIZES    A>rD    WEICJIITS    OP    HEXAGON    N1 


0ia meter  of 

Thickness  of          Short 

Long 

Weight  of 

ticrew 

Nut 

Diameter 

Diameter 

100  Nuts 

Indies 

r 

</ 

D 

Inches 

Inches 

Inches 

Pounds 

i 
1 

*^ 

»:* 

1  44 

9.8 
at. 9 

,    i 

r 

li 

1-73 

39 

I 

■^            ^^ 

k     li 

1.8S 

5**       V 

• 

I ' 

tl 

li 

a.oa 

64 

li 

ll 

3 

2-31 

96 

ii 

I| 

»i 

a.6o 

T34 

'1 

li 

2i 

2.89 

180 

i4 

l| 

^J 

3   ^8 

^35 

If 

If 

3 

3-4fi 

300 

If 

Ij 

3i 

3-75 

$?o 

li 

2 

3* 

4  04 

460 

2 

2 

3i 

4.04    ■ 

4SO 

2i 

2i 

3l 

4  33 

560 

a* 

*i 

41 

4  9" 

810 

af 

Si 

4i 

5,20 

980 

3 

3 

4i 

5  4S 

M50 

3i 

3i 

5 

577 

».340 

3i 

3i 

Si 

6,06 

1.5S0 
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n 

H 
H 
< 

H 
H 
H 

00 

>    0 

^  2 

?  » 

O 

S 

N< 

H 
S 

H 

H 

K 
0 

flS 


««« 

O     0 

0 

»n 

« 

OO 

O    «n 

* 

CN.   m 

fO 

« 

n 

M 

M        M 

>4« 

0     O 

0 

o 

N 

00 

t^    \ry 

r^    *t      O^ 

# 

M 

t^    NO 

■'I- 

«*> 

« 

M 

M        W 

M        M 

<-*« 

o    ^ 

o 

m 

\n 

« 

Ov    t^ 

■*  «    o 

o 

t^  o 

^ 

ro 

M 

M 

M         M 

M 

O    lo 

o 

O 

00 

^ 

0    o 

VO     ■*    0 

o 

tN.  r^ 

m 

^ 

CNf 

n 

ei     >-■ 

M        M        M 

w 

V^ 

t-*a 

o    o 

O 

O 

0 

O 

w    o. 

t^     to    W 

o 

X 

t^  00 

*o 

irt 

ro 

w 

W        IH 

M        IH        CI 

M 

u 

cs 

►1 

E^ 

«iN 

0     0 

o 

iTi 

■«*■ 

0 

o    f-o 

00    SO      **5 

o 

rj 

t^  OO 

»o 

O 

rO 

ro 

n    n 

l-l        M        M 

^      1 

M 

O 

- 

0     0 

o 

o 

O 

rn 

o»  to 

tH     00      fO 

o      1 

tN.    00 

00 

00 

■* 

fO 

M      M 

W        !-•        M 

HN 

0    o 

o 

o 

o 

O 

■*    0 

ts»    O     ^ 

t^  o 

o 

o^ 

^ 

^ 

fO    ro 

«    «    l-l 

* 

**• 

0     0 

0 

0 

0 

OO 

trt    O 

ts.  VO    „ 

t^   o 

Ov  00 

^ 

<r) 

rO    f^ 

«       w     * 

# 

•+• 

* 

* 

00 

«   o 

fO  00     - 

M                 * 

« 

II 

0     0 

0 

0 

o 

0 

O     O 

0    0    o 

0 

«    c« 

rO 

■^ 

in 

vO 

t^»  00 

o   o    ^ 

ct 

^ 

M        M 

M 

■g 

a 

o 

o 

a 
u 

ea 
«a 

a 
o 
'S 

a 

V 

& 


bo 

a 

■> 
«( 
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TABLE  VI 

ARMAS    OF    SECTIONS    OF    STEEL    PLATES, 
LN    SQUARE    INCHES 


W^idth 

ThJckBeBi 

,  in  laehcd 

Inches 

^ 

1 

^ 

* 

A 

1 

^ 

i 

i 

,0156 

0313 

.0469 

.0635 

.0781 

.093« 

,io*j4 

.1250 

i 

.0JI3 

.0625 

.093S 

.1250 

.15^3 

■1S75 

3i8£ 

,2500 

1 

.0469 

Oqj* 

1406 

.187s 

2344 

.2813 

J^fir 

.37SC 

r 

^o6as 

^xaso 

'i«75 

.1500 

3  "5 

•37SO 

■4375 

•$000 

a 

.1350 

ajoo 

'375° 

.5000 

6350 

7SOO 

.B750 

t.nOn 

5 

-iS7S 

■J750 

5^2  5 

'75« 

•9375 

1.135 

t.Vl 

i-STO 

4 

.1500 

,5000 

75"^ 

1. 000 

I  250 

I -500 

1,750 

2. 000 

5 

.3i='S 

5^50 

'9J75 

1-250 

iS<»3 

187s 

2.]88 

2.500 

6 

■37SO 

7S<» 

i.isS 

1.500 

t-S75 

2.250 

2.6^5 

3000 

7 

437S 

.8750 

4^313 

tlS^ 

2.108 

3.625 

30*^3 

3  SOP 

S 

,5000 

1.000 

1,500 

3.000 

2.500 

.1,000 

.1-SOO 

4^000 

9  . 

Jfias 

t.taS 

1.68S 

a.  350 

J.813 

3'3?5 

3^53S 

4.500 

lO 

.6150 

1.350 

1,875 

2.500 

3-"5 

3-75<5 

4^75 

5.000 

Ji 

■*a7s 

i'37S 

a.063 

2750 

3-438 

4135 

4.813 

S'5oQ 

12 

■75« 

1500 

2.250 

3.UU0 

3750 

4.500 

5550 

6,000 

13 

■Bias 

1,635 

3438 

3-350 

4.065 

4.875 

5.688 

6.50D 

14 

■S750 

1-750 

2,635 

3-S» 

4-375 

5350 

6.1  as 

7.000 

IS 

■937S 

1S7S 

7.8J3 

3-7SO 

46S8 

S^^S 

6563 

7  5« 

i6 

ThOOO 

^.000 

JQOO 

4pOOO 

5:000 

5.0D0 

7.0D0 

8.000 

iS 

i.ias 

3-350 

i-.i75 

4500 

S-&35 

6-75° 

7^875 

9.000 

ao 

r.350 

3  SO& 

3750 

5000 

6,250 

7-500 

8750 

10.000 

30 

1875 

3750 

5-6^5 

7500 

9-375 

ti.250 

^i'^^S 

iSo™ 

40 

a.5<» 

5  000 

7.500 

10.000 

12,500 

15,000 

17.500 

20.oeo 

SO 

3'i2S 

6.250 

Q375 

12.500 

15,635 

18750 

21,875 

35,ogo 

60 

375a 

7'5«J 

11,250 

15.000 

18750 

aa.500 

26,350 

30.000 

70 

+-J7S 

S7S0 

t3-"S 

17.500 

2T.87S 

26.250 

30.635 

3SO0O 

Ao 

5,000 

10.000 

15,000 

20.000 

25.000 

30000 

3S^ooo 

40.000 

90 

5-6'5 

11.250 

16.S75 

32,500 

aS.us 

33  750 

3937s 

4S«» 

too 

6- 3  St? 

13.500 

18750 

aj.ooo 

31.350 

37  S« 

43750 

SO.OOQ 
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TABLE  y I— (Continued) 

AREAS    OF    SECTIONS    OF    »T£EL    PL.ATBS, 
IN    SQUARE    INCHES 


Width 

Thickness 

,  in  Inches 

Inches 

A 

t 

1* 

1 

H 

i 

H 

I 

I 

.1406 

.1563 

.1719 

-187s 

.2031 

.2188 

.2344 

.250 

i 

.2813 

•3125 

■3438 

■3750 

.4063 

•4375 

.4688 

.500 

i 

.4219 

.4688 

■S156 

■5625 

.6094 

.6563 

•7031 

•750 

I 

•5625 

.6250 

.6875 

.7500 

.8125 

.8750 

■9375 

1. 000 

2 

I.I25 

1.250 

1-375 

1.500 

1.625 

1-750 

1875 

2.000 

3 

1.688 

1.875 

2.063 

2.250 

2.438 

2.625 

2.813 

3.000 

4 

2.250 

2.500 

2.750 

3.000 

3250 

3SOO 

3750 

4.000 

5 

2.813 

3->25 

3438 

3-750 

4.063 

4.375 

4.688 

5  000 

6 

3-375 

3-750 

4-125 

4.500 

4-875 

5250 

5-625 

6.000 

7 

3938 

4.375 

4813 

5-250 

5.688 

6.125 

6.563 

7.000 

8 

4.500 

5.000 

5500 

6.000 

6.500 

7.000 

7.500 

8.000 

9 

5-063 

5625 

6.188 

6.750 

7-313 

7875 

8.438 

9.000 

lO 

5625 

6.250 

6.875 

7.500 

8.125 

8.750 

9-375 

10.000 

II 

6.188 

6.«75 

7-563 

8.250 

8.938 

9-625 

10.313 

11.000 

12 

6.750 

7.500 

8.250 

g.ooo 

9750 

10.500 

11.250 

12.000 

13 

7-313 

8.125 

8.938 

9750 

10.563 

"•375 

12.188 

13.000 

14 

7875 

8-7SO 

9.625 

10.500 

11-375 

12.250 

13125 

14.000 

^5 

8.438 

9375 

>  0.3 13 

11.250 

12.188 

13125 

14.063 

15.000 

i6 

9.000 

10.000 

11.000 

12.000 

13.000 

14.000 

15.000 

16.000 

i8 

10.125 

11.250 

12.375 

13500 

14-625 

15-750 

16.880 

18.000 

20 

11.250 

12.500 

13-750 

15.000 

16.250 

17-500 

18.750 

20.000 

30 

16.875 

18.750 

20.625 

22.500 

24-375 

26.250 

28.125 

30.000 

40 

22.500 

25.000 

27.500 

30.000 

32.500 

35.000 

37500 

40.000 

50 

28.125 

31-250 

34.375 

37-500 

40.625 

43-750 

46.875 

50.000 

60 

33-75° 

37-500 

41.250 

45000 

48.750 

52.500 

56.250 

60.000 

70 

39-375 

43750 

48.125 

52.500 

56.875 

61.250 

65.625 

70.000 

80 

4S-000 

50.000 

55-000 

60.000 

65.000 

70.000 

75.000 

8o.oon 

90 

50.625 

56.250 

61.875 

67.500 

73-125 

78.750 

84-375 

90.000 

100 

56.250 

62.500 

68.750 

75.000 

81.250 

87.500 

93750 

100.000 
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TABLE  VII 
WEIGHT  or  STEEL  PLATES,  IN  POUNDS  PER  LINEAR  FOOT 


Width 

Thickness,  in  Inches 

Inches 

^ 

i 

A 

1 

A 

1 

A 

i 

i 

■0531 

.1063 

■1594 

.2125 

.2656 

.3188 

•3719 

■4250 

4 

.1063 

.2125 

.3188 

.4250 

■5313 

.6375 

-7438 

■8500^ 

I 

.1594 

.3188 

.4781 

.6375 

■7969 

.9563 

1.116 

1-275 

I 

.2125 

.4250 

•6375 

.8500 

1.063 

1-275 

1.488 

1.700 

2 

-4250 

.850 

1-27S 

1.700 

2.125 

2.550 

2.975 

3400 

3 

.6375 

1.275 

1.913 

2-550 

3-188 

3.82s 

4.463 

5  Joo 

4 

.8500 

1.700 

2550 

3-400 

4.250 

5- 100 

S-950 

6.800 

5 

1.063 

2. 1 25 

3.188 

4.250 

5-313 

6.375 

7-438 

8.500 

6 

'■275 

2550 

3-825 

5.100 

6-375 

7-650 

8.925 

10.200 

7 

1.488 

2-975 

4-463 

5950 

7.438 

8-925 

10.413 

11.900 

8 

1.700 

3.400 

5.100 

6.800 

8.500 

10.200 

11.900 

13.600 

0 

I-9I3 

3-825 

5-738 

7.650 

9-563 

11.480 

>3390 

15-300 

lO 

2.125 

4.250 

'>-375 

8.500 

10.630 

12.750 

14.880 

17.000 

1 1 

2-3.1^ 

4f'75 

70.3 

9350 

1 1  690 

14-030 

16.360 

18.700 

12 

2- 550 

5.100 

7.650 

10.200 

12.750 

15.300 

17.850 

20.400 

13 

^■7'M 

5-5-'5 

8.2H8 

11.050 

13.S10 

16.580 

19340 

22.100 

14 

2g75 

5950 

S.Q25 

11,900 

14.SS0 

17.850 

20.830 

23.S00 

15 

.^i.SS 

(^375 

9  5"3 

12.750 

15.940 

19.130 

22.310 

25500 

lO 

3.400 

6.H00 

[  0.200 

13.600 

17.000 

20.400 

23.800 

27.200 

iS 

.3-«''5 

7.650 

[  I  480 

>  5-300 

19.130 

22.950 

20.780 

30.<>oc 

20 

4.250 

8.500 

12,750 

17.000 

21.250 

^5  500 

29.750 

34.00c 

30 

'J.i?.^ 

12.750 

19  130 

25-500 

31.880 

3''>250 

41.630 

51,000 

-40 

8.500 

17.000 

■25  500 

34. COO 

42.500 

51.000 

59.500 

68.000 

50 

10.6.^0 

21.250 

31.K80 

42.500 

5.V'.<o 

63-750 

74-380 

85.000 

60 

12.750 

25.500 

38.250 

5 1 .000 

^3750 

70.500 

89.250 

102.00c 

70 

i.l.HSo 

-'9  7. SO 

44  630 

59.500 

7  I  380 

89.250 

104.100 

119000 

80 

17,000 

.1 1.000 

51.000 

68.000 

85,000 

102.000 

1 19.0C0 

1 36.000 

90 

I(>,I,10 

.:{S.250 

573«o 

76.500 

95'^'3o 

1 14.800 

133.900 

153.000 

100 

21.250 

42.500 

6.V750 

85.000 

iof>-3oo 

127.500 

148.800 

170.000 

BRIDGE  TABLES 


TABLE  Yll~(Cmtinu€d) 

WEIGHT  OF  STEEL  PX^TES,  IN  POUNDS  PER  MNEAR  FOOT 


Width 

Thickness 

..  in  Inches 

Inches 

A 

% 

tt 

i 

\l 

i 

H 

I 

\ 

.4781 

■5313 

.5844 

-6375 

.6906 

.7438 

.7969 

•85 

h 

■9563 

1.063 

1. 169 

1.275 

1.381 

1.488 

1594 

1.70 

\ 

1-434 

1.594 

'•753 

1-913 

2.072 

2.231 

2.391 

2-55 

» 

i-9«3 

2.125 

2338 

2-550 

2.763 

2.975 

3188 

3-40 

2 

3825 

4-250 

4-675 

5- 100 

5525 

5-950 

6.37s 

6.80 

3 

5-738 

6.375 

70x3 

7.650 

8.288 

8.925 

9563 

10.20 

4 

7.650 

8.500 

9350 

10.20 

1 1. OS 

XX.90 

12.75 

13.60 

5 

9563 

10.63 

11.69 

12.75 

13.81 

14-88 

1594 

X7.00 

6 

11.48 

12.75 

14-03 

»53o 

16.58 

■7.85 

19.13 

2a  40 

7 

^yz9 

14-88 

16.36 

17.85 

19.34 

20.83 

22.31 

23.80 

8 

1530 

17.00 

18.70 

20.40 

22.10 

23.80 

2550 

27.20 

9 

17.21 

19  13 

21.04 

22.95 

24.86 

26.78 

28.69 

30.60 

xo 

»9i3 

21.25 

23-38 

25.50 

27.63 

29.75 

31.88 

34.00 

XI 

21.04 

2338 

25-71 

28.05 

3039 

32-73 

35-06 

37-40 

13 

22.95 

2550 

28.05 

30.60 

3315 

3570 

38.2s 

40.80 

»3 

34.86 

27.63 

30.39 

33.15 

3591 

38.68 

41.44 

44- 20 

M 

26.78 

2975 

s^n 

3570 

38.68 

41.65 

44-63 

4760 

IS 

28.69 

3t-88 

3506 

38.25 

41.44 

44-63 

47.81 

51.00 

i6 

30.60 

3400 

3740 

40.80 

44  20 

47-60 

51.00 

54-40 

x8 

34-43 

38.25 

42.08 

45-90 

49  73 

53-55 

57.38 

61.20 

20 

3825 

42-50 

46.7s 

5100 

55.25 

5950 

6375 

68.00 

30 

S7  38 

63-75 

70.13 

76-50 

82.88 

8925 

9563  ; 

X02.0 

40 

76.50 

85.00 

9350 

102.0 

1 10.5 

1 19.0 

127-5    ! 

136.0 

SO 

9S63 

106.3 

116.9 

"75 

138-1 

148.8 

159.4 

170.0 

60 

X14.8 

"7-5 

140.3 

1530 

165.8 

178.5       ' 

1913 

204.0 

70 

133-9 

148.8 

163.6 

178.5 

1934 

208.3 

2231 

238.0 

80 

1530 

170.0 

187.0 

204.0 

221.0 

238.0 

2550 

272.0 

90 

172.1 

1913 

210.4 

229.5 

248.6 

267.8 

286.9 

306.0 

100 

191-3 

212.S 

2338 

2550 

276.3 

2975 

318.8 

340.0 

TABLE  yill 
mQUB»T»    OF    tJ««BTlA.  OF   Um:'X!A90VVAM    4KCTIOMS 


iJ 

THctnwn  of  R«cMq4l«.  <»  In^w 

1 

A 

t 

A 

i 

A 

f 

'  s 

.*7 

,21 

n 

.25 

33 

3R 

4« 

3 

.56 

-r 

M 

*98 

J.iS 

1.27 

141 

4 

1-33 

1.67 

3.00 

'•33 

3.67 

^  3.00 

3-33 
6.5« 

s 

2.60 

3.26 

3.9X 

Jils 

S-", 

5.86 

6 

4.50 

1:^1 

6,75 

9.00 

.;^s 

11.25 

7 

7'S 

ia72 

12.51 

14.39 

17.86 

8 
9 

10.67 

15.19 

lU 

'      16.00 
22.78 

18^ 
26.55 

ai.33 
30.38 

24.09 

34-17 

36.67 

lO 

20.83 

26.04 

3i.»5 

36.46 

41.67 

46.87 

II 

a7-73 

34-66 

41.59 

48.53 

5Si46 

62.39 

69-32 

13 

3600 

4500 

54.00 

63.00 

73.00 

81.06 

gaoo 

13 

45-77 

57-21 

68.66 

80.10 

9*^54 

Z02.98 

"4.43 

M 

5717 

71.46 

8575 

100.04 

"433 

128.63 

142.92 

IS 

'    70-31 

87.89 

105.47 

123.05 

140.63 

158.20 

175-78 

i6 

8533 

106.67 

128.00 

149-33 

170.67 

192.00 

213-33 

I? 

X02.35 

127.94 

153-53 

179.12 

204.71 

230.30 

255.89 

i8 

121.50 

151.88 

182.25 

212.63 

243.00 

27338 

303-75 

19 

142.90 

178.62 

214  34 

250.07 

285.79 

321.52 

357-24 

20 

166.67 

208.33 

250.00 

291.67 

333-33 

375-00 

416.67 

22 

221.83 

277.29 

332.75 

388.21 

443-67 

49913 

554-58 

24 

288.00 

360.00 

432.00 

504.00 

576.00 

648.00 

720.00 

26 

366.17 

45771 

549-25 

640.79 

732.33 

82388 

915-42 

28 

45733 

571-67 

686.00 

800.33 

914.67 

1,029.00 

1.14.333 

30 

562.50 

703-13 

84375 

984-38 

1,125.00 

1.265.63 

1,406.25 

32 

682.67 

85333 

1,024.00 

1,194.67 

1.365-33 

1,536.00 

1,706.67 

34 

818.83 

1,023.54 

1,228.25 

1,432.96 

1,637.67 

1,842.38 

2,047.08 

36 

972.00 

1,215.00 

1,458.00 

1,701.00 

1,944.00 

2,187.00 

2,430.00 

38 

1.14317 

1,428.96 

».7M-75 

2.000.54 

2.286.33 

2.572.13 

2,857.92 

40 

j,S3^-:i^ 

1.666.67 

2.000.00 

2.33333 

2,666.67 

3.000.00 

3.333-33 

42 

1.543-50 

1.929.38 

2.31525 

2,701.13 

3,087.00 

3.472.88 

3.85.8-75 

44 

1,774.67 

2,218.33 

2,662.00 

3.105.67 

3-549.« 

3-993-00 

4.436.67 

46 

2,027.83 

2.534-79 

3.041.75 

3-548.71 

4.055.67 

4.562.63 

5069.58 

48 

2,304-00 

2.880.00 

3.456-00 

4,032.00 

4,608.00 

5.18400 

5.760.00 

52 

2.92933 

3.661.67 

4.394.00 

5.126.33 

5.858.67 

6.591.00 

7.323-33 

56 

3.658-67 

4.573-33 

5.488.00 

6,402.67 

7*31733 

8.232.00 

9.146.67 

60 

4.500.00 

5.625.00 

6.750.00 

7,875.00 

9,000.00 

10,125.00 

11,250.00 

BRIDGE  TABLES 
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TABI.E  YXll— (Continued) 

MOMENTS    OF    INERTIA   OF    RECTANGULAR    SECTIONS 


+ 


%i 

,                  Thickness  uf  Rectangle,  in  Inches 

:2  u 

tt 

* 

if 

i 

M 

I 

2 

.46 

•50 

•54 

•58 

■63 

.67 

3 

^'SS 

1.69 

1.83 

1.97 

2.  II 

a.25 

4 

3-67 

4.00 

4.33 

4.67 

5-00 

533 

5 

7.16 

7.81 

8.46 

9.11 

9-77 

10.4a 

6 

12.38 

13-50 

1463 

15-75 

16.88 

18.00 

7 

19.6s 

21.44 

23.22 

25.01 

26.80 

28.58 

8 

2933 

32.00 

34.67 

37.33 

40.00 

42.67 

9 

41-77 

4556 

49.36 

53-16 

56.95 

60.75 

lO 

5729 

62.50 

67.71 

72.92 

78.13 

8333 

II 

76.26 

83-19 

90.12 

97.05 

103-98 

1 10.92 

12 

99.00 

108.00 

117.00 

126.00 

135-00 

144.00 

U 

125.87 

137-31 

148.75 

160.20 

171.64 

183.08 

14 

157.21 

17150 

185-79 

300.08 

214.38 

228.67 

15 

1933A 

210.94 

,228.52 

246.09 

263.67 

281.25 

|6 

23467 

256.00 

277-33 

298.67 

320.00 

341.33 

>7 

281.47 

307.06 

332-65 

358.24 

38383 

409.42 

i8 

334"  3 

364-50 

394.88 

42525 

455-63 

486.00 

19 

39296 

428.69 

464.41 

500.14 

535-86 

571-58 

30 

458.33 

500,00 

541.67 

583-33 

625.00 

666.67 

22 

610.04 

665.50 

720.96 

776.42 

831.87 

887.33 

24 

792.00 

864.00 

936-00 

1,008.00 

1,080.00 

1,152.00 

26 

1,006.96 

1,098.50 

1,190.04 

1,281.58 

1.373-13 

1,464.67 

28 

1.257.67 

1.37200 

1.486.33 

1,600.67 

1.71500 

1.829.33 

3° 

1.546-88 

1.687.50 

1.828. 13 

1.968.75 

2.109.38 

2,250.00 

32 

1.877-33 

2,048.00 

2.218.67 

2.38933 

2,560.00 

2,730.67 

34 

2.251.79 

2.456.50 

2,661.21 

2,865.92 

3,070.63 

3.275-33 

36 

2.673.00 

2.916.00 

3.159.00 

3,402.00 

3,645.00 

3,888.00 

38 

3.143-71 

3.429-50 

3.7>5-29 

4,001.08 

4,286.88 

4.572.67 

40 

3.666.67 

4.000.00 

4,33333 

4.666.67 

5.000.00 

5.333-33 

42 

4.244-63 

4.630.50 

5.016.38 

5.402.25 

5.788.13 

6,174.00 

44 

4.880.33 

5.324.00 

5.76767 

6,211.33 

6.655.00 

7.098-67 

46 

5.576.54 

6.083.50 

6.  ^90.46 

7.097.42 

7.604.38 

8.111. 33 

48 

6.336.00 

6.912.00 

7.4K8.00 

8,064.00 

8.640.00 

9,216.00 

52 

8.055.67 

8,788.00 

9.520.33 

10,252.67 

10,985.00 

11.71733 

S^» 

10,061.33 

10.976.00 

11,890.67 

12.805.33 

13,720.00 

14.634.67 

60 

12.37500 



13,500.00 

14.625.00. 

15.750.00 

16,875.00 

18,000.00 

12 
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TABLE  IX 
PROPERTIES    OF    STANDARD   ANGLES   HAVING    EQUAL.   LEGS 


1 

* 

4 

A 

S 

r 

« 

s 

■M        1 

II 
IF 

Hi 

IP 
p4 

1^1 

■c-gl 

r 

til 
Jl 

0 

B  X  a 

1 

A 

X 

/ 

0 

f 

r' 

iXi 

i 

.So 

■23 

.10 

.oas 

-Oil 

-30 

19 

iXi 

A 

i.ift 

-.M 

3' 

0,10 

.044 

*3o 

19 

iXi 

1 

1    49 

■44 

J4 

.037 

.056 

■^9 

.19 

ijxil 

1 

i  .oi 

■30 

3fi 

,0+4 

.049 

■3R 

■24 

Mx.l 

IN 

1*7 

'U 

3S 

of  11 

071 

.iS 

J4 

ijvit 

1 

1.91 

■^^ 

40 

077 

091 

■37 

14 

liXil 

lii 

=  -,^- 

J^ 

43 

0 

cyo 

1 J 

■3a 

34 

ijxii 

1^; 

1   7g 

■5.1 

44 

It 

le 

.4f' 

.?9 

I A  X  I J 

i 

2.,H 

.6g 

47 

14 

13 

■45 

29 

iJX.j 

2  .  So 

.S4 

49 

16 

16 

.44 

29 

liXii 

1 

3-.15 

.yS 

5" 

'9 

W 

■44 

.29 

ij<i? 

2.  M 

.62 

5T 

18 

14 

■54 

•34 

li'il 

t 

2.76 

.81 

53 

23 

IQ 

-53 

■34 

ijvif 

'l 

.^  ■  .^0 

1 .00     . 

55 

-7 

23 

■52 

■34 

liXii 

t 

.i.vs 

1.17 

57 

31 

26 

■51 

■34 

•iXri 

16 

4.5'> 

'■34     , 

59 

35 

30 

■51 

34 

2  X  2 

2  -  -13 

•7»    ; 

57 

27 

19 

.62 

•39 

2X2 

i 

.V(<> 

.    ■<M 

59 

35 

25 

.61 

■39 

2X2 

■^.. 

.^■02 

I- 15 

61 

42 

30 

.60 

•39 

2X2 

t 

4.f)2 

i.y' 

<n 

4S 

35 

59 

39 

2\2 

I'r, 

5  ■  .10 

1.50 

66 

54 

40 

-59 

•3« 

2}X2; 

.1 

.V  I 

•  oc    1 

69 

55 

30 

.78 

•  49 

2jX2i 

J 

.(.O 

I .  u>    ! 

7-' 

70 

39 

■77 

49 

^iX24 

'1 

5  'O 

i,.io 

74 

■^5 

4« 

.70 

-49 

2iX2i 

3 

5  y 

'■73 

7'> 

gS 

57 

-75 

•  48 

2\y.2i, 

I'fi 

6.S 

2.00 

7^^ 

I 

1 1 

^'5 

-75 

•48 

2\\2\ 

4 

7  -7 

'*  -'5     1 

Si 

I 

J  3 

■  72 

•74 

.48 
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TABLE  VX.—(Co7Ui7iued) 
PROPERTIES   OF    STANDARD   ANGLES    HAVIIVG   EQUAL   LEGS 

A 


t 

s 

J 

4 

« 

Q 

7 

8 

9 

1 

%  S 

l-^l 

II 

.1 

'»> 

^: 

II 

r 

■5  X 

II 

^1^ 

1 

II  < 

r 

^1 

a  KB 

/ 

A 

-84 

/ 

c 

r 

r* 

3X3 

^ 

4-9 

1-44 

I.J4 

-58 

-93 

59 

3X3 

A 

6.0 

t.78 

.S7 

IS* 

'71 

.93 

59 

3XJ 

I 

7.3 

3,11 

.89 

1. 76 

.83 

91 

,58 

JXJ 

8.3 

a  43 

.91 

1,99 

-9S 

9i 

^S8 

3X3 

\ 

9-4 

=  ■75 

-93 

3.23 

1.07 

.90 

-ss 

3X3 

10,4 

3.06 

■95 

a. 43 

«.i9 

.89 

^58 

JX3 

^ 

1J.4 

3-36 

■98 

2.62 

1.30 

.8S 

■58 

34X34 

^ 

7-3 

3.Dg 

■99 

*-4S 

■98 

1.08 

,69 

34x34 

1 

8.4 

3,48 

i  .Di 

..«7 

1.15 

1.07 

.68 

34x34 

^ 

g.8 

3.87 

1.04 

3.a6 

1.32 

1.07 

.68 

34x34 

1 

Tl.  1 

J-35 

I  06 

3-64 

1-49 

1.06 

.68 

34x34 

h 

IJ.3 

3-6. 

i.oS 

3-99 

1.55 

1.05 

.68 

34X34 

I 

135 

3  98 

1 .  10 

4-3S 

1. 81 

1.04 

.68 

34X34 

\k 

.4.8 

4.34 

I  ,  13 

4.65 

1.96 

1.04 

.67 

34x34 

\ 

15  9 

4.fi9 

I -15 

4.96 

a. 11 

»  03 

.67 

34X3* 

H 

17. 1 

S-=>3 

I. 17 

5-25 

a. 33 

1.02 

.67 

4X4 

h 

8. a 

5.40 

I.T2 

371 

rap 

I     3J 

,7g 

4X4 

i 

5.7 

3.86 

I.  14 

4-3<S 

IS* 

1     23 

■  79 

4X4 

^ 

1  T,2 

3-3' 

I.lfl 

4-97 

I -75 

'33 

.78 

4X4 

4 

la.S 

3-7S 

i.iS 

5-56 

1.97 

T  .33 

.78 

4X4 

A 

14.2 

4.18 

1.21 

0.13 

3.19 

1.31 

.78 

4X4 

\ 

'S-7 

4.6t 

»*23 

6.60 

3.40 

I. 30 

77 

4X4 

\l 

17.1 

5 -03 

1.25 

7   T7 

2M1 

1.19 

.77 

4X4 

\ 

la-s 
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*For  these  beams,  but  one  bolt  is  used. 
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MULTIPLICATION    TABLE    FOlf    RIVET    SPACING 


II 

Pitch  of  Rivets,  in 

Inches 

E  c- 

3tn 

2i 

2i 

2t 

2* 

2i 

3 

34 

/      // 

/     // 

/      // 

/     // 

/      // 

f         // 

/     /' 

2 

o-  4i 

o-  5 

o-5i 

o-SJ 

c^5i 

0-  6 

0-  64 

3 

^7i 

c^74 

o-  7i 

0-  8J 

0-  8g 

0-  9 

o-  9I 

4 

o-  9i 

o-io 

o-ioi 

o-ii 

0-1 1 4 

I-  0 

1-    4 

5 

o-iii 

I-    4 

I-Ii 

I-  li 

I-2f 

1-  3 

i-3t 

6 

I-2j 

I-  3 

i-3f 

1-44 

1-54 

I-  6 

i-6f 

7 

1-4J 

i-5i 

1-61 

i-7i 

1-84 

I-  9 

1-94 

8 

1-7 

I-  8 

I-  9 

l-IO 

1-11 

2—  0 

2-  I 

9 

i-9f 

i-ioi 

i-iit 

2-    * 

2-  i3 

2-  3 

2-44 

lO 

i-iif 

2-    1 

2-2j 

2-34 

2-4l 

2-  6 

2-74 

II 

2-   2k 

2-3i 

2-4ii 

2-6J 

2-7I 

2-  9 

2-Iof 

12 

2-4i 

2-   6 

2-7J 

2-  9 

2-104 

3-  0 

3-»4 

13 

2-6? 

2-8i 

2-1  Oj 

2-lli 

3-ii 

3-  3 

3-4§ 

14 

2-9i 

2-II 

3-   i 

3-24 

3-4J 

3-6 

3-7i 

15 

2-113 

'3-^i 

3-3l 

3-54 

3-7» 

3-9 

3-ioi 

i6 

3-  2 

3-  4 

3-6 

3-8 

3-10 

4-  0 

4-  2 

17 

3-4i 

3-6J 

3-88 

3-1  oi 

4-     J 

4-  3 

4-54 

i8 

3-6i 

3-  9 

3-1  li 

4-14 

4-  3* 

4-6 

4-84 

19 

3-9* 

3-1 'i 

4-  il 

4-44 

4-68 

4-  9 

4-1  if 

20 

3-'i 

4-  2 

4-4J 

4-  7 

4-  9J 

5-0 

5-24 

21 

4-  I? 

4-4i 

4-7i 

4-9* 

5-    1 

5-  3 

5-  58' 

22 

4-  4i 

4-  7 

4-9l 

5-    4 

5-3l 

5-6 

5-8i 

23 

4-65 

4--9i 

5       f 

5-34 

5-61 

5-  9 

5-11 J 

24 

4-  9 

5-  0 

5-  3 

5-6 

5-  9 

6-  0 

6-3 

25 

4-1  li 

5-2i 

5-53 

5-8} 

5- a 

6-3 

6-64 

26 

5-i! 

5-  5 

S-8i 

S-114 

6-  2i 

&-  6 

6-94 

27 

5-4i 

5-7i 

5-10I 

6-2i 

^S8 

6-9 

7-    1 

28 

5-6i 

5-10 

^-  li 

6-5 

6-  8J 

7-  0 

7-34 

29 

5-«I 

6-     i 

6-  4i 

^7f 

6-11I 

7-  3 

7-68 

3° 

5-"i 

6-3 

6-  6J 

6-1  oi 

7-^J 

7-  6 

7-9f 

31 

6-  It 

^5J 

6~9l 

7-  14 

7-5i 

7-  9 

8-     il 

32 

6-     4 

6-  8 

7-  0 

7-  4 

7-8 

8-  0 

8-4 

134—33 


BRIDGE  TABLES 


MULTIPl^lCATlOJT    TABLE    FOB    RIVET    J^PACING 


3 


Pitch  0 

f  Hivcti,  in 

Inc-hes 

3i 

Jl 

3i 

3i 

3i 

*         *t 

4 

4* 

.     .. 

/          y^ 

i          It 

^      '/ 

f    /^ 

3 

fr-fti 

0^  61 

&-  7 

^     1\ 

0-  74 

0-  ft 

c^'S* 

3 

0-  9i 

o^iol 

o-roi 

o-iol 

o-iil 

t-  0 

I"    1 

4 

I-  1 

.-  .1 

r-  2 

^-^h 

1-  3 

1-4 

I-  5 

5 

i-4i 

>-4i 

i-5i 

t't\ 

.-61 

i-S 

1-9* 

6 

t-7i 

i-SJ 

1-  y 

i-g* 

l-IO^ 

3—  0 

7-  ih 

7 

i-ioj 

.-ti| 

J-    * 

^'  il 

2-  3i 

a-  4 

a-  Si 

S 

a-  J 

»-  J 

2-  4 

^-  5 

2-    G 

2-S 

2-10 

g 

^-sl 

2-6| 

^7i 

^8S 

^"Qi 

3-  0 

1-^i 

10 

2-si 

»-  9f 

a*-n 

3-    \ 

3-  ^t 

3-  4 

3-t>i 

II 

3-1  if 

3-'l 

3-^4 

3^3l 

3-  Si 

3- a 

3'^o* 

13 

3-  3 

3-4* 

3.6 

3-7* 

3-y 

,4-0 

4'  3 

JA 

3-^ 

3-7i 

3-9* 

3-1  *i 

4-    I 

4-  4 

4-7* 

M 

,1-9* 

3-"i 

4-  t 

4-^f 

4-4* 

4- a 

4-1  J* 

'5 

4-    1 

4-  J| 

4-4* 

4-61 

4-Bi 

5-  0 

5-3* 

i6 

4-  4 

4-6 

4"  8 

4-10 

s-^ 

5-  4 

S"  » 

'T 

4-7* 

.-9i 

4-ni 

I-  tJ 

5-3* 

5-8 

6-     * 

iS 

4-to^ 

s-   i 

5-3 

5-  5i 

5-?i 

6-  0 

^4* 

19 

s-il 

S-4i 

5-6* 

5-«l 

5-M* 

6-4 

6-  S| 

20 

s-  s 

5-7i 

5-10 

6^     1 

&-  3 

<5-  8 

7-  1 

zt 

s-si 

s-ioi 

fi-  ih 

6-4* 

6-  6} 

7^  & 

7-5* 

^1 

s-JiJ 

6-3t 

e-s 

a- 71 

fi^ioi 

7-  -1 

7-9* 

».1 

<5-iif 

S-5i 

6^8* 

6-11I 

7-  =>* 

7-8 

8-  I* 

34 

6-  6 

fr^g 

7-  0 

7-3 

7-6 

S-  0 

S-  6 

35 

6-9* 

7-   i 

7-3* 

7-6* 

7-9* 

8-  4 

»-joi 

i6 

7-    4 

7-.ii 

7-  7 

7-Joi 

^  I* 

S-  8 

0-3* 

a? 

7-3* 

1-7i 

7-*o* 

8^  li 

S-  5* 

9-  Q 

9-6* 

^» 

7-  7 

7-ioi 

a-  1 

R-S* 

S-9 

9-  4 

g-tt 

39 

7-iof 

8-,i 

f^s* 

t^9i 

9-    i 

g-S 

«o-  J* 

30 

s-  li 

8-  Si 

g-,5 

9-    * 

9-4i 

10-  0 

10-  7i 

3* 

»-4t 

8-  8| 

9-     * 

?^4| 

9-8i 

10-  4 

lO-llf 

3* 

8-8 

9-  0 

9-  4 

9-S 

JO-  0 

10-  B 

M-   4 

BRIDGE  TABLES 


35 


TABLE  ^XXl— (Continued) 

MCTIiXIPLICATlON    TABI^    FOR    RIVET    SPACING 


II 

5tfl 
2^ 

Pitch  of  Rivets,  in 

Inches 

4i 

4* 

5 

54 

54 

5t 

6 

/      // 

/     // 

/     // 

/    tt 

/    // 

/     // 

/     // 

2 

0-  9 

0-  9J 

O-IO 

O-IO^ 

o~ii 

O-IlJ 

I-  0 

3 

I-  I* 

1-2J 

I-  3 

•-3J 

1-44 

'-si 

1-6 

4 

I-  6 

I-  7 

I-  8 

1-9 

I-IO 

l-II 

2-  0 

5 

i-ioi 

i-ii! 

2-  I 

2-2i 

2-34 

2-4* 

2-6 

6 

2-  3 

2-44 

2-  6 

2-7J 

2-   9 

2-loJ 

3-  0 

7 

2-74 

2-94 

2-11 

3-    i 

3-24 

3-44 

3-6 

8 

3-  0 

3-  2 

3-  4 

3-6 

3-8 

3-10 

4-  0 

9 

3-4i 

3-61 

3-9 

3-"i 

4-14 

4-3i 

4-6 

lO 

3-  9 

3-"  4 

4-  2 

4-44 

4-  7 

4-  94 

•5-  0 

II 

4-ii 

4-4* 

4-  7 

4-9I 

5-    4 

5-34 

S-6 

13 

4-6 

4-9 

5-  0 

S-  3 

5-6 

5-9 

6-0 

'3 

4-ioi 

5-  If 

5-  5 

S-8i 

5-114 

6-2f 

6-6 

14 

5-  3 

5-64 

S-io 

6-  li 

6-5 

6-  8i 

7-  0 

IS 

S-7i 

s-"4 

6-3 

6-  6J 

6-1  oi 

7-2J 

7-6 

i6 

6-  0 

6-4 

6-  8 

7-0 

7-4 

7-8 

8-0 

I? 

6-  4i 

6-  8} 

7-  I 

7- Si 

7-94 

8-1* 

8-6 

i8 

6-9 

7-i4 

7-6 

7-ioi 

8-3 

8-74 

9-  0 

»9 

7-  li 

7-64 

7-1 1 

8-3i 

8-  8i 

9-  i4 

9-6 

20 

7-6 

7-11 

8-4 

8-9 

9-  2 

9-  7 

lo-  0 

21 

7-ioi 

8-3f 

8-9 

9-»l 

9-74 

10^    f 

10-  6 

22 

8-3 

8-  8J 

9-  2 

9-7J 

10-  I 

10-  6i 

II-  0 

23 

8-  7i 

9-  il 

9-  7 

10-    * 

10-  6J 

II-     \ 

II-  6 

24 

9-  0 

5^6 

10—  0 

10-  6 

II-  0 

11-  6 

12-  0 

25 

9-  4i 

9-iof 

10-  5 

lO-IlJ 

11-54 

ii-iif 

12-6 

26 

9-  9 

10-  3i 

10-10 

11-44 

ii-ii 

12-54 

13-0 

27 

10-  li 

10-  8J 

"-3 

11-  9} 

12-  4) 

12-11J 

13-6 

28 

10-  6 

II-  I 

II- 8 

12-  3 

12—10 

13-  5 

14-  0 

29 

lo-joi 

II-  5l 

12-  I 

12-  8} 

13-34 

13-10} 

14-6 

30 

II-  3 

ri-ioj 

12-  6 

13- >4 

13-  9 

14-  4i 

15-0 

31 

II-  74 

12-3* 

12-11 

13-61 

14-  2  J 

i4-:oJ 

15-6 

32 

12-  0 

12-  8 

13-  4 

14-  0 

14-8 

15-  4 

16-  0 

TABLE    XXIH 
contektxonair  signs  for  structural  rivkts 

Shop     Field 


Two  full  heads. 


o 


Countersunk  inside  and  not  chipped /r^      »i^\ 


Countersunk  outside  and  not  chipped. 


©  (§) 


Countersunk  both  sides  and  not  chipped 

Where  rivets  miist  be  chipped,  the  drawings  should  state 

the  fact. 

,      .       «  Both 

Inside  Outside  „ 

Sides 

Flatten  to  |  inch  high ^^     /^\      /0\ 

*"*  Shop     Field 

o  • 


Two  full  heads. 


Countersunk  inside  and  chipped (>0      (S) 

Countersunk  outside  and  chi]>])ed ^^^      ISS 

(^^untL■rsunk  bftth  sides  and  ehipped. ..........  (ScS 

Roth 

InSIPK    Ol'TSIDE     « 

SiDKS 


Flatten   to    1  inch   hi^di   or  countersunk 
and  not  (■lii])ped 

Flatten  to  J  inrii  hi.i^li 

Flatten  to  I  inch  high 


0  0  (D 
(D  0  i 

dD  Of 


(6) 

M 
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TABLE  XXIV 

RAnil    OF    GYRATION     FOK    TWO    ANGLES    HAVING    EQUAX 
LEWS    AM)    PLACED     BACK    TO     HACK 


-r.— * 


^ r^ — -» 


F  nr  nr 


'w 

,  (J 

ffi 

II 

Is 

II 

(5 

H 

2X2 

..     A 

2X2 

A 

2JX2J 

A 

3jX2i     i  i 


u.. 


O  4) 


3X3 
3X3 

.' 

3iX3i 
3iX3i 

A 

4X4 
4X4 

A 

6X6 
6X6 

i 

I 

8X8 
8X8 

4 

1.42 

3    12 

1.80 
4.50 

2.88 
6.  72 

4.18 
10.06 

4.80 
11.68 

8.72 
22.  00 

15-50 
33  46 


.62 
■59 

•78  1 
•74  I 

•93   i 
.88 

1.08 
1 .02 

1.24- 
1. 18 

1.88 
1.80 

2.50 
2.  42 


Radii  of  Gyration 


84 
88 

04 

10 

25 
32 

47 
55 

67 

75 

49 
59 

32 
42 


93 
98 

13 
19 

34 
41 

56 
64 

76 

84 

58 
68 

40 
SI 


03 
08 

22 
29 

43 
51 

65 
74 

85 
94 

67 

n 

49 
60 


«3 
»9 

32 

40 

53 
62 

74 
85 

94 
04 

76 

87 

58 
69 


88 
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TABt.B   XXV 

HAOit   or  GTRAT!0?ff    FOB   TWO   AXGLES    HAVING   CNEQUA1» 
l^EOS    AND    PLACED    BACK    TO    BACK 

f f    Hf    Hf    f-ff 


-ik>' 

Hk/ 

H  h-/ 

Dtn»n^ciu 

Thkknesft 
Inch 

Ananf 

Two  Angks 

St|ttan 

Ipta:bs 

Rndu  nf  Gyr^tioa 

IncbH 

^-o 

n 

'' 

"* 

f^ 

MKa 

ft 

1,63 

-79 

'79 

.8£ 

■97 

r  07 

3|X2 

i 

4  00 

'75 

,^, 

-94 

1.04 

I. IS 

jXji 

i 

7.6> 

95 

E.OO 

i.og 

1. 18 

I.3» 

jXs* 

ft 

5.56 

.91 

I  OS 

tAS 

J -as 

I  35 

3*X'i 

I 

3.S8 

t.tj 

.96 

1.&4 

'  <3 

i.ij 

J4X-I 

a 

7,10 

t.o6 

r.03 

1    IJ 

i..3 

I  33 

3*Xj 

A 

3.86 

t.to 

t.aa 

1. 31 

1.4= 

r  49 

3*X3 

H 

9  24 

1.04 

1-30 

1.40 

^-So 

1,60 

4X3 

ft 

4.18 

I.H7 

r.r? 

1.96 

*'35 

1.44    - 

4X3 

H 

10.06 

i.ai 

1.25 

'■3S 

1  45 

i'5S 

5X3 

ft 

4.80 

1.61 

1.09 

1.17 

i.afi 

*^3S 

SX3 

H 

11.68 

'■5S 

i.iS 

1.^7 

=  37 

'4? 

5X3* 

ft 

S" 

1.61 

t  33 

1,41 

t.So 

I  59 

5X3* 

13-34 

I -53 

1.43 

1.51 

1. 61 

1.71 

ax3* 

6.84 

I  94 

i.j6 

I -54 

t.43 

I  SJ 

6x3* 

17.00 

i.SS 

tJ7 

1.46 

1.56 

1.67 

6X4 

7  " 

1-93 

<-50 

1.5a 

1.67 

1,76 

6x4 

iS.oo 

r.Ss 

r,^io 

..69 

t.79 

t-a9 

7X34 

ft 

S,8o 

3.26 

I. 31 

1.39 

1.39 

1-47 

TXJ* 

I 

19. DO 

3.J9 

i.ji 

1-40 

I  S"^ 

1.60 

^ 
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TABLE  XXVI 

RADII  OF   GYRATION  FOR   TWO  ANGLES  HATING   UNEQUAL 
LEGS  AND   PLAC£1>   BACK  TO   BACK 


-r«- 


H  K-/ 


Dimensions 

Thickness 
Inch 

Area  of 
Two 

Radii  of  Gyration 

Inches 

Square 
Inches 

ro 

ri 

Ti 

r» 

'■4 

2JX2 

A 

1.62 

60 

l.IO 

I. 19 

1.28 

I  39 

2^X2 

h 

4.00 

56 

1. 16 

1.25 

1-35 

1.46 

.^X2j 

i 

2.62 

75 

1-31 

1.40 

1.50 

1-59 

3X2} 

A 

S-56 

72 

1-37 

1.46 

1.56 

1.66 

3iX2i 

i 

2.8S 

74 

1.58 

1.67 

1.76 

1.86 

34X2i 

H 

7.10 

67 

1.66 

1.76 

1.86 

1.96 

3iX3 

A 

3-86 

90 

1-52 

1. 61 

1.71 

1.80 

3iX3 

li 

924 

85 

1. 61 

I. 71 

1. 81 

1,91 

4X3 

A 

4.18 

89 

1.79 

1.88 

1.97 

2.07 

4X3 

18 

10.06 

83 

1.88 

1.98 

2.08 

2.18 

5X3 

A 

4.80 

85 

2-33 

2.42 

2.51 

2.61 

5X3 

li 

11.68 

80 

2.42 

2.52 

2.62 

2.72 

5X3I 

A 

5-12             I 

03 

2.26 

2-35 

2.44 

2.54 

s-xs^ 

i 

13 -34 

96 

2.36 

2.45 

2.55 

2.65 

6X3J 

1 

6.84 

99 

2.8l 

a. 90 

3.00 

3.10 

6X3* 

I 

17.00 

92 

2-93 

3-03 

3-^3 

3  23 

6X4 

1 

7.22          I 

17 

2.74 

2.83 

2.92 

3.01 

6X4 

I 

18.00         I 

09 

2.85 

2.94 

3  04 

314 

7X34 

A 

8.80 

95 

3.37 

346 

356 

3-66 

7X3i 

I 

19.00     i 

89 

3.48 

3-58 

3.68 

378 

Thickness 
of 

Diatncter  0 

f  Rivets 

1,  in  Inches 

Plate 

Inches 

k 

» 

i 

I 

t 

i 

^156 

1B8 

219 

^2$0 

.sSt 

A 

tOS 

2M 

273 

.313 

3Sa 

1. 

^54 

38j 

3=^8 

'  :\7S 

.42a 

^ 

*73 

3=8 

J83 

.4j8 

.49a 

Jt 

vV3 

375 

438 

■500 

S^S 

A 

^3Sa 

433 

4Q3 

S^J 

•65.1 

i 

.391 

4fiq 

547 

.635 

-703 

i* 

-4J0 

5i6 

603 

.688 

77  ji 

i 

.469 

5^J 

656 

■75^ 

-S44 

a 

SoS 

609 

711 

.81 J 

■  9U 

i 

'547 

656 

766 

■875 

9S4 

« 

,586 

70J 

820 

■938 

I  c^S5 

I 

.625 

7SO 

S75 

I-OOO 

1,125 

ti 

■703 

844 

984 

1. 135 

1   266 

»i 

.781 

938           I 

094 

X .  250 

1 .406 

If 

.B$g        T 

031           I 

203 

I -375 

'■547 

1* 

^937        I 

I3S                I 

313 

1.500 

i.tBS 

CcrtUltfeT' 

rivets 

.031 

<^59 

08  s 

.109 

.141 
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Add  to 

Grip 

A 

^4«,^f^ 

HM  HN  Hn 

^N  WtW   •♦•  mHi 

Weight  of 

Nut 

Pounds 

»o  m   O 

»r>    O     m 

O     O     u^    O 

W     W     ro 

to     tN..   00 

M        M        >-«        M 

Long  Diam- 
eter of  Nut 

N 

fO    •*    lO 

«H>  MM>  HN 

00    o\  a-  o 

Recess  in 

Nut 

R 

c^B  c4m>  nfBO 

HnHnHm 

■w*  "H*  "(*  wt* 

Thickness  of 

Nut 

H«  «-««  H« 

F+*  HP"  He*  HN 

Length  of 

Screw 

L 

HM  HN  HM 

t4»H»>-»» 

Hn  nto  <<*n  nto 

Diameter  of 

Screw 

5 

M      M      N 

ro    PO    ■* 

*^     v>    lO  vO 

Diameter  of 
Pin 
D 

S  2  2 

n    van  Hao 

^    ^    m 

2  2  2 

who  Hao  Hw 

*o  ■*  ^ 

Hn  Hn 
O    »0     t^  00 

2  2  2  2 

«tto  Hw  MM  MAO 
»o  >0     *0      tN 

a 
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2   S 


^(^ 


^ 


•s 

t4 

KW   4«  P'Kl' 

«<4  <-^'««a 

4^        ^        1-» 

Length  of 

Cotter  Pin 

C 

«       t*      « 

*^     ^     lO 

Diameter  of 

Cotter  Pin 
d 

H*  -ftii^ 

ia(|^  nu  nu 

HS-t5-** 

' 

1*4 
O 

Thiclaiess 
Head 

■■+*   *fll*l   tTW 

n»  vM  '-M 

. 

s 

r+»  ^^  nh# 

M        (HI        H 

H      «      « 

"S 

fe^ 

1^^ 

^ 
" 

H        M        k* 

H    n    n 

1 

1 

f 

1 

4 

I 

4 


I 


-4'J 
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TABLE  XXX 
STBBL    ETEBABS 


^@ 


y^^ 


"=^^3 


Width  of 

Body  of  Bar 

W 

Minimum 

Thickness 

of  Bar 

t 

Diameter  of 

Head  of 

Bar 

H 

Diameter 

of  Largest 

Pinhole 

P 

Additional 

Length  to 

FonnHead 

U 

Inches 

Inch 

Inches 

Inches 

9          tt 

3 

4i 

li 

o-7i 

2 

Si 

'i 

I-    i 

2i 

5i 

'i 

o-  9i 

2i 

6i 

3i 

I-  li 

3 

6J 

»i 

o-ioi 

3 

8 

4 

'-Si 

3 

9 

S 

i-ioj 

4 

9i 

4t 

I-  5i 

4 

loi 

Si 

I-  9 

4 

Hi 

6i 

2-3i 

5 

Hi 

4f 

J-  8 

*       5 

i»i 

Si 

2-   O 

5 

13 

6i 

2-3i 

5 

14 

7i 

2-  8 

6 

I3i 

Si 

I-  9i 

6 

I4i 

61 

2-  3 

6 

I5i 

7i 

2-  7i 

7 

« 

iSi 

Si 

2-    2 

7 

H 

17 

7i 

2-   8 

8 

17 

Si 

2-    l\ 

8 

i8 

6* 

2-  6i 

8 

'9 

8 

2-1 1 
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] 

Additional 

Width  of 

Bar 

ThicVne*s  of 
Bar 

Diameter 

of     Upset. 

End 

Length  of 
Screw 

Length 

Required  to 

Form  Screw 

End 

W 

t 

n 

5 

U 

2 

t 

- 

5} 

• 

6 

s 

i 

^i 

6i 

t.i 

J 

si 

61 

ni 

J 

=! 

7 

I  1 

3 

3 

7 

lo 

4 

24 

6i 

^^i 

4 

^i 

7 

II 

4 

3i 

7i 

II 

4 

34 

7i 

lo 

4 

3J 

7i 

9i 

5 

si 

7 

II 

5 

ii 

7l 

lok 

5 

3i 

7i 

9b 

S 

3i 

7i 

9i 

5 

4 

74 

lO 

6 

3i 

7i 

lO 

6 

3i 

74 

9 

6 

4 

74 

9 

TABLE  XXXII 
PRES8BD    WBOVGHT-IRON    TURNBUCKLE8 


ill 

B 

Dimensions,  in 

Inches 

1^1  i 

L 

T 

E 

F 

c 

&^"^ 

i 

SI 

lA 

li 

i 

il 

^) 

I 

9 

iS 

•A 

A 

M 

3i 

'i 

9l 

iH 

lA 

li 

4 

■i 

eJ 

I* 

lA 

'4 

Si 

li 

loi 

^A 

iH 

I 

i| 

6 

>i 

io4 

=>! 

1} 

■  3 

7 

If 

lOJ 

»A 

3 

» 

»i 

Si 

li 

III 

2| 

H 

2 

io 

li 

I«i 

«H 

^A 

H 

i 

iij 

2 

12 

J 

2| 

H 

H 

13 

H 

"i 

3A 

2  I 

M 

3il 

IS 

=i 

"i 

J  3 

^H 

n 

^i 

i8 

=1 

"3l 

J  ft 

2j 

H 

^3 

20 

2i 

IJl 

3i 

jA 

a 

5 

24 

»i 

iiS 

jH 

3l 

H 

3 

38 

*J 

I4l 

4l 

3i 

n 

^1 

30 

»i 

I4l 

4ft 

3A 

til 

Si 

34 

3 

IS 

4i 

38 

lA 

31 

J» 

3i 

'Si 

Al 

3i 

lA 

4 

SO 

3i 

i6j 

Si 

4i 

lA 

4 

65 

3i{ 

i8 

6 

4A 

■  Vk 

5 

83 

4 

i8 

6 

4f 

>A 

5 

too 

TABLE  XXXV 
WORKING    eTREBS£8    FUR    COMPRESSIOIt 


:  J* 


lAfOOO 

16.000 

/ 

r 

16,000 

i.        ^ 

^^.8.1^^ 

^^lS.oci^f* 

16 

1S.780 

51 

13-980 

86 

"i340 

.^7 

15.750 

S» 

i3.9»o 

87 

i],a6o 

iS 

15.7=0 

53 

13.840 

88 

11,190 

19 

15.690 

54 

13-770 

89 

II,ltO 

90 

15.650 

55 

13.700 

90 

11,03a  > 

$] 

15.630 

56 

i$A$o 

91 

10,960 

22 

15.580 

57 

i3tSSO 

91 

10.880 

n 

15.530 

58 

13.480 

93 

10,810 

•4 

1 5*500 

59 

13*410 

94 

10,730 

n 

15,460 

60 

13.330 

95 

10,660 

s6. 

iSt43o 

tt 

13,360 

96 

10.580 

«7 

15.380 

62 

^    13,180 

97 

10,510 

38 

15.^30 

63 

13.^^0 

98 

io»430 

39 

15.390 

64 

^3*030 

99 

10,360 

30 

tSTa4o 

6S 

12,960 

100 

10,290 

31 

15.190 

66 

i3,8So 

lOI 

10,210 

32 

15,140 

67 

ia,8io 

I03 

10,140 

33 

15.090 

68 

i2>730 

103 

10*070 

34 

15,030 

69 

1*1650 

104 

9.990 

iS 

M.i^So 

70 

12,580 

105 

9.930 

36 

M.930 

71 

12,500 

io6 

9.850 

37 

14.870 

73 

12,420 

107 

9.780 

38 

14,810 

73 

1^.340 

108 

9,710 

39 

14.750 

74 

12,270 

109 

9.640 

40 

14.690 

75 

12,190 

no 

9^570 

41 

14,630 

76 

12,110 

I J 1 

9.500 

4a 

14.570 

77 

12,040 

113 

9.430 

43 

14.510 

78 

11,960 

113 

9.360 

44 

14-450 

79 

u,88o 

114 

9^390 

45 

14-380 

80 

t  !,8oo 

"5 

9.aao 

46 

14.320 

8t 

1 1.730 

116 

9,160 

47 

14.250 

82 

H.650 

n? 

9*090 

48 

i4>f8o 

83 

IJ.570 

t!8 

9,030 

-.V 

I4.1£0 

84 

1 1.490 

119 

8.950 

50 

14.050 

85 

1 1,430 

I  AC 

8,890 
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NoTB. — All  items  in  this  index  refer  first  to  the  section  and  then  to  the  paKe  o(  the 
section.  Thus,  "Anchor  bolts,  {73,  p33."  means  that  anchor  bolts  will  be  found  on  page  33  ot 
section  73.      The  letters  "  BT"  stand  for  "  Bridge  Tables."      These  tables  follow  Section  73. 


Acid  process  in  the  nianufacture  of  steel   |72. 

p6. 
Adjustable  eyebars.  f72,  p41. 

eyebars.  Table  of  properties  of.  BT.  p44. 
Analytic  and  graphic  methods  as  applied  to 
trus<KS  compared,  {07,  p38. 

and  graphic  methods  compared,  {66.  pi. 

method  applied   to  curved-chord    trusses, 
{09.  p5. 

method  applied  to  Petit  trus."?.  {fi9.  r>4fi. 

methods  for  deteniiining  stresses.  {67,  p38, 
Anthoragc  for  steel  trestles,  {71,  p54. 
Anchor  bolts.  {73.  p33. 

Angles,  Equal-leg,  placed  back  to  back.  Table 
of.  BT.  p37. 

Guard,  for  solid-plate  floors.  {73.  p20. 

in  which  the  nominal  and  the  actual  width 
are  equal.  Table  of.  BT,  pl8. 

placed  back  to  back.  Table  of  unequal-leg. 
BT.  p38. 

Splice.  {73,  p7. 

Stiffening.  {72.  p48. 

Stringer  connection.  j73,  p21. 

Structural.  Properties  of.  {72.  pll. 

Table  of  pnj|»erties  of  equal-leg.    BT,  pl2. 

Table  of  properties  of  une<iual-leg.  BT.  pl5. 

Table  of  standard  gauge  lines  for,  BT,  pl8. 

Two.  back  to  back.  {72.  p21. 
Arches  for  highway-bridge  floors,  {73,  pl4. 
Area,  Bearing,  of  a  pin,  {73,  pll. 

Bridge,  cxpfiscd  t<>  wind,  {71,  p3 

Gross.  {72,  1^5 

of  tension  members.  Rc<iuired,  {72,  p45. 
Areas    cross-sectional,  of  steel  plates.    Table 
of.  BT.  p6. 

of  flat  plates.  {72,  p9. 

of  rods,  {72.  p8. 

of  round  rods.  Table  of.  BT,  pi. 

of  square  rods.  Tabic  uf,  BT,  p2. 


Areas — (Continued) 

to  be  deducted  for  rivet  holes.  Table  of. 
BT,  p40. 
Average  intensity  of  load  on  a  beam,  {70,  p8. 

B 

Backstay  of  a  crane,  {66,  p30. 
Bjiltimore  truss.  {68,  p72. 
Baltimore  truss.  Deck.  {68.  p78. 
Baltimore  truss.  Modified,  {68,  p78. 
Baltimore  truss.  Stresses  in.  from  concen- 
trated  loads.  {70.  p41 
Bars.  Lattice,  in  built-up  shaytes.  {72.  p33. 
2.  {7,  pl5. 

Z.  Table  of  properties  of.  BT.  p22. 
Base,  Wheel.  {70.  p68. 
Basic   process  in  the  manufacture   of  steel, 

{72.  p6. 
Beam.  Bending  moment  in,  due  to  concen- 
trated  loads.  {70.  p6. 
Maximum  moment  in,  due  to  one  concen 

trated  load.  {70,  p2. 
Moment   in,  from  two  concentrated  loads, 

{70.  p3. 
Sectitm  of  maximum  bending  moment  in, 

for  concentrated  loads.  {70.  pl3. 
Shear  in.   due  to  any   number  of  mo\'ing 
l<.ads.  {70.  p20. 
Beams.  Forms  of  and  materials  for.  {67   |>l. 
I,  {67.  pi 

I,  ProiH-rties  of,  {72.  pl4. 
Maximum  ninmentsand  sheaisin.  {07,  p20. 
Bearing  area  of  a  pin.  {73.  pi  1. 
intensity  of,  for  pins.  {T2.  pi  1. 
value  of  a  rivet.  {73,  p3. 
values  of  pins.  Table  <«f.  BT,  p.52. 
values  of  rivets.  Table  of,  BT,  p50. 
Bearings.  {73.  p31. 
Rocker.  U73.  p3I. 
Bedplates.  {73,  p31. 


Vll 


vm 


INDEX 


Bendins  iiKMneiit  in  a  bMun  dtw  to  ooooen- 
tmted  k»dt.  ITO.'pO. 

moment  in  Imuns.  4S7.  paO 

moment,  Haximum,  2n  a  tniti.  {67.  p30. 

moment  on  a  pin.  |^,  pl2. 

Worldns  streaKs  for.  |72.  plO. 
Bent,  Trestle.  171.  p60. 
Bessemer   process  for   the 

sted.  173.  pi. 
Bitl.U.  S7-^  Hi. 

H'AU.  Ant-lmT.  *73.  ^33, 

Ucjw'i  fiutMtion  tCO>  i>7. 
BMw«trmK  tnam,  #l3*.  p73, 

inuM.  Dotihlff.  W*.  n74* 
Bnt«,  E'uTtAJ,  t<&7,  plL 
aratftl  t>.irtal,  f"l,  plfi. 
BfH!'*ra,  KrAi,  f7l,  pU 
nradiiK.  LqUToJ,  |71,  t»4. 

Uirirf+iu'iiiittl,  (*^r  !»tB*l  Iftnles  (71.  pft7. 

Pnrtttl,  |71.  tj4. 

SwftV,  171,  p4, 

TnuiAvcrK.  |71,  p4. 
BnwkfflH.  Purial  with  (.-utved.  f71,  p24. 
Bri'l^v  i-rmsitruftitin,  Mnti^ftlM  usrrt  in,  t^S, 

Deck.  187.  pia.      • 

Girder.  |fl7.  p8. 

Half-through.  §67.  pl2. 

Low-truss,  167.  pl2. 

Main  parts  of  a,  {67,  plO. 

Pony-truss  bridge.  $67,  pl2. 

ThrouKh.  567.  pU. 

Truss.  J67.  p8. 
Britlyes.  Classification  of.  J67,  pll. 

Cnmbination,  §72,  p2. 

Skew.  J71,  p39. 
Buckle  plates  for  highway-bridge  floors,  {73, 

pl6. 
Buckles.  573.  pl6. 
Bucklinti  of  thin  plates,  J72,  p48. 
Built-up  members.  Length  of.  J73.  p7 

■«p  members.  Splices  in.  J73.  p7. 

-up  shapes.  Properties  of,  §72.  p21- 

-up  shapes.  Riveting  of,  572,  p31. 
up  shapes.  Standard  forms  of,  §72,  p22. 


Camlxr.  573.  p34. 
Cantilever  truss,  567.  p.*!. 
Capacity  of  a  Vtridgc,  867,  pI4. 
Cast  iron.  Properties  of.  §72,  p2, 

-iron  separators,  572,  pl4. 

-iron  siJaeers.  572.  pl4. 

iron.  Use  of,  in  bridge  construction,  {72,  p2 


BT.  pUl. 

d 


Cciit.er  lines  of  tttidfif  mcmbc™.  |73.  pad 
CmtrifuKal  for^,  Ai.'tiim  »£,  on  cnrvt>d 

571.  p34 
foicc,  Ponnulfl  for,  |71    p34^ 
fores  <iii  a  britlfie,  5*7 »  pl4, 

furtre  on  blecl  trei^tk'^,  (71,  p57> 

fwrcc.  Slft^*?4  due  lo.  f71.  p3T. 
Channels.  Standanl.  f  72.  pl3. 

Strurtural,  Fnipcrties  oL  |72.  (il3_ 
Taltlt  of  pruperties  o(  standarxl.  BT<  pUl. 

Cliurdl.  Curved,  5fi7,  lA 
fadiiticd.  i^7^  p6, 
LcaJcd,  |07,  pl2. 
LciWtr,  5fl7,  1*4- 

stnaoM,  Dead-load,  m  mclined-'cbord  tfu^^ 

fftTV»e«  In  Baltifnoi*  trtis*.  |fV8,  p73» 
stre^K&pa     in    curved -chord    trusars    ikter* 

mtn&d  ftnalvlicolly,  f6^.  iW>. 
Ktn^e4  in  dsck  Pratt  inisc.  |6S,  p*^ 
^re^xrs      in      doubl<f-inttrrBpcti<in 

IPH^,  fH8   p33. 
KLreit'^f:^     in     driuhlrt    Wamta     ttUaR    ^ilh 

wub vertical*.  JftS.  p37, 
Ktreiise«  in  P*tit  tnisg  d^tentuned  stmlyli^ 

ally,  |tt9,  [>4«S. 
streeiefi  in  Po«t  trUM,  |6S,  pTO, 
^insstfn  IT  Pratt  tni^,  t^H.  p4S. 
stTtasen  in  Pmtt  tniBS  for  partial  1«hUI.  |fl8, 

p66. 
stresses  in  Warren  truss.  (68,  p5. 
stresses.  Live-load,  in  inclined-chord  truss. 

569.  p37 
stresses.   Live-load,   in   Petit  truss,   deter- 
mined graphically,  5^9,  p65. 
stresses.  Maximum  and  minimum,  in  War- 
ren truss.  (68.  p7. 
Unloaded.  567.  pl2 
Upper.  567,  p4. 
Clearance  between  gussets  and  members,  {73. 

p9. 
Cleviccs.  572,  p43. 

Table  of.  BT,  p47. 
Closing  line,  566,  p4. 
Cold  shortness  of  steel,  572,  p5. 
Column  bracing  for  viaducts.  571,  p48. 
Columns.  Trestle,  Wind  stresses  in.  571,  p53. 
Combination  bridges.  572,  p2. 
Combined  shears.  567.  p29. 

shears  in  Pratt  truss.  568.  p62. 

shears  in  Warren  truss,  {68,  pll. 

stresses,  567,  p38. 

stresses  in  Pratt  tru.ss,  568.  p55. 

web  stresses  in  inclined-chord  truss,  (60. 

p42.  r., 

web  stresses  in  Warren  truss.  §68,  pll. 


^^^^^                                 INDEX                                             ix            1 

Campound  shapeB,  |T2,  p21 

CounterB— (Continued) 

CompTpssinn  nu^mbertH  Formulae  for  sttes^s 

in  cqrved-chord  truss,  |69.  pl6, 

in,  iT^,  fAQ. 

in  PHit  trusR,  &5d,  pA5 

^^_    members.    Gpnvral    m^thud    far    tlL'sigmnK, 

of  Baltiniofv  truss.  StrawpH  in,  flftS,  p77. 

^K        f72.p47. 

of  curvtd-chord  tnias,  StH-»esin.  J69,  pll. 

^^r  meitibers    Tabic  o(  <iVorkitij;   Etrcsqe^t  for. 

of  inclined-chord  tnifis,  Stre-ssesin,  |&9,  p3(&^ 

P              BT.  p4fl. 

of  Petit   truss.   Stresses  in,   from  coilcca- 

1           members.  Values  of  ~  in.  172.  p20i. 

tratc^d  Lmds.  {70.  p50. 
of  Fust  truss  Stns-ses  in,  idS,  p7l.                      ^^M 

CGncentrated-loitd  monsents  in  4  truas,  |70* 

CountfTKunk  rivi^t  hi^ad^.   1^2.  pl7.                            ^^H 

^H          p2.^. 

rivet  holes.  |7S.  p37.                                                       ^" 

^^P    4oa(l  shtiars  m  0  truss,  |70.  p33, 

Coupk  equivalent  to  a  system  t>f  non-concur- 

^^r    luads,  UiTopcr's  Ky^b-nisuf,  570.  pfl2. 

rent  forces,  466.  pU. 

loads.  Graphic  mttbDdfqr.  ili).  p70. 

Cover -plate,  J72,  pa2. 

liiails,  Moment  diayram  for.  jTO,  jjti4 

Cranet   ExAinpIe   of,   urudyred    by  graphics,                   i 

J             loads  on  a  Ix^am.  |T0>  ti2. 

*ti6.  vM.                                                                            I 

j           loads  on  a  beam,  Posiiiwn  of.  for  raa.simtim 

Parts  of  a.  |06.  p30. 

1                    mnmetit.,  JTO,  r'l~- 

Critical  Vadde  of  a.  nvqli,  |73.  p4 

1            loads.  Starulard  systrma  of.  (70.  p60. 

Crossing?.  Skew.  i7l.  p3a. 

^H    li>bd.<;,  Stn-KSt^s  from.  |70,  p40. 

Crucible  process  for  the  manufatlmre  of  stepl, 

^^H    loads,     StrpsaeA      frutn.      in      curvcd-cbord 

|7a,  p4. 

^H      trusses.  S7D.  p£2. 

Curved  brackets^  Portal  wtth,  J7l.  i>24                             . 

^^ft^lwilft,    SUeaa^    from,    in    indined'Chord 

thord.  (67.  p&. 

^V     tnusn,  170.  pfi2. 

-chord  Pratt  truss.  {69,  p3. 

'          loadfi,   iitressea   from,   in   multiple-system 

*chord  truEis,  |67,  pT. 

1                tni&SFS.  i70.  |>48. 

•chord  tniBs.  Deck.  |fiO.  p3L 

Irttdi.StrrsseAfrom.  in  P*  tit  tniss.  |70,pfi7. 

-chord  tnjM.  Mulvinle-syst«m.  fflff.  peS. 

moving  Itmd*.  Shears  frum.  |70.  p33- 

-chord  tniis.  Web  stresses  in,  determined 

CtoncMTl rations.  Panel.  itG,  p50 

analyticaHy,  |69,  p7. 

Cuncrele  arches   fur   hi^hwaybridjpe   floora 

-chord  truss  with  odd  number  of  paneU. 

i7».  t45. 

|e9>  p3«. 

Ojncurpcnt  forces,  Equi]ibrant  of,  |RB.  p3. 

-chord  trusses^  {^«n£nd  deaw^^ptsna  of,  |S9. 

forces,  Gmphic  pfrsblems  ■un,  Jfltt,  plO. 

pi. 

forces.  Ri'Sidtant  >4.  |6«.  p3. 

-chord    tmsfios    Stresses    In,    by    analytic 

Coadittona     of     cgtiiLibHum     of     coQcuireBt 

method.  tB9.  i^. 

fijrt«s.  |G0,  p5. 

-chord    trusses,    StrvsscB    in,    by    fcntphic 

CuniieNrtinn  (inKle-^,  StnTiKer,  |73.  p21. 

method,  \B9,  p2I. 

^^_     Df  fluorbcalTiii  to  trusts,  |73,  \j24. 

-chord  tnisjiefl,  Stresses  in,  ffxjm  i:onc«n-           ^_ 

^H  pljiic»,  Kivcis  in,  il^,  \jS. 

tmtfd  lo>d£,  f70,  p52.                                            ^H 

^V  p1alt;s.  W(fb,  i7a.  pH. 

tnckonabridgv.  t71.p34.                                   ^H 

Stringer,  to  flixirbt-nms.  |73,  p23. 

1 

G3Rm.'ctiun&,  LatBinl,  {73.  p2d. 

Ojnliniimia  tniu*.  {67.  p5. 

Dead  load.  197,  pl4. 

Conventional  signs  fur  rivetinH,  |72,  pl9. 

-load  chord  stresses  in  inclined-cbord  trun, 

siKOs  fur  ri\Tts,  Table  of,  BT.  i»36. 

ifl9.  [>30. 

O-jper's  ftvstvnis  of  conwninited  lonrtft*  #70. 

-load  chord  stresses  in  Warren  tPUas,  %QB.  p5. 

p«2. 

4tind  moments  in  a  truss.  fG7.  j^t. 

Ccjplaniar  nrin-i:x»neurTtnt  foTccs,   Equilibrant 

load  OB  BnJtiEmTe  truss.  Distribution  of,                  ^ 

nf,  determined  BmpbicaUy^  4<5fl.  pfi. 

toe,  p7». 

aon-toncurTPnl  f<if>x"s,  Graphic  oonditiofis 

load  on  curved-chord  truu.  DlBtributi^n  of. 

of  rriuiUbrium  of,  flM].  pl4. 

109.  p21. 

1             fianHfonriiinTint  furces,  Kctnjitant  of,  deter- 

-load  thu&rs  in  a  truss,, |Q7.  p3l. 

mill**!  jirraphically.  Sefl.  pO. 

•load  !ih4:ars  in  Prutt  truss,  fes.  pSl- 

Cotttrf  rnn*.  i72,  lAO. 

-load  siresaes  in  curved-chord  tnum  4^U:T- 

Counters.  ^6S.  p47. 

mined  gmphically,  |G9.  p2l 

•*.  Ballimort  IruM,  Stresses  in,  from  con- 

kiad   5ires^-a  in   Petit  truu  detcmuncd 

c«ntn>ud  loads^  f70,  p44 

graphically,  {69,  pM. 

r                                   ^^^^^^H 

^^            DmwI— {(^jntinwd) 

End— (Coiilinuedl                                         ^^U 

^^L             -load  web  etresaes  in  cun-ed -chard  tt\is&. 

t>dEt&«  Wind  stretiwe  in.  |71.  pl3.              ^^^| 

^B        i<»'pQ. 

suspenders.  fi6S.  i>AS,                                    ^^H 

^^^^              -load  vrcb  fitrcsscs  in  inclined-chord  truss. 

Ends.  Up-sel  screw.  *72.  p8. 

^H                  f6U, 

Eqiiilibrant    of    ronturrent    forcrs     Grmphir 

^^H              -toad  web  stresses  in  Petit  truss  dcl^rmtnird 

delcrminalixn  t-f,  f«fl   p3 

^^m                   B.nat]rttca]lv.  109.  p47. 

■of  troplanar  nun-cnncurrfnt  furccs.  Graphic: 

^^H                 -loa^d  web  stresses  in  Warren  truss,  fAS,  pS- 

det^^nninDtimn  of,  fGH,  \>&. 

W                   Decimal  ^'^mvaJeiiiU  of  frac^umal  parts  of  sd 

EguiUbriiin)  of  L'onfiiirt-iit  forces.  |6C.  pA. 

1                          inch,  172.  ptA, 

of  coplanar  non^cuncurrcnt  furcrs.  166,  ^i4. 

1                    Decimal  etiuivalents.  Tabic  nf,  BT.  p2S. 

of  fuur  forces,  {65,  plO.                                 ^^^^ 

L                     Deck  Baltimarc  lr\JsS,  |B8.  p78. 

polysron.*8fi.  nIO-                                    ^^1 

^^L               tjHdKc,  iC7.  ri[2. 

Ertuiv-alent  loads.  {70.  pOO. 

^^^H              curvcd-^L-hQril  truf«,  (A9',  ]^)31. 

uniftirm  Inad.  i7l>.  pftft- 

^^H              incliiicil'Lhr>rd  tniss,  $Q*J,  p^.'i. 

unifiirm  luad  and  concentrated  loads.  J7D. 

^^H             Pratt  iruM,  i^,  [i5T. 

pas. 

^^H                 Pratt  tm^,  Stre!&ses  in,  ff}8,  pSB, 

Esampk-s.  Illustrative,  cifaraphic  statics.  {00, 

^^B             Wanvn  trvA^,  fD8.  p2a. 

|»24. 

^^P               Warren  iruss.  ivith  siibi.'^rticmls,  166,  p2g. 

Excess.  Locomntiw,  f7Q,  pQS 

P                       Depth  of  a  plate  pirdrr.  §67.  p2. 

Enp»nsitin  t-nd.  §73,  p33. 

1                        nf  a  truss.  §117.  p3. 

of  bridKCS.  173.  1*32. 

1                    DtaKonaLs  in  ii  truss,  fB?,  fj*. 

mller*.  {73,  r^'t2. 

1                        in  Pratt  truss,  )f6S,  i>46. 

Ejipi>Bpd  area  of  a  Iwidg*.  §71,  pH. 

^^            Diagram.  Rnrc^,  ||la,  pr^a,  S. 

Ejtlemal  forces  ariiriK  otv  a  bHdge^  |67,  pl3. 

^^B                Moment,  for  corvciintrateil  tuadB.  |70,  p64. 

Eyebars.  Adjuj^Libte,  {72,  i>4l. 

V               Sir-act,  SOO.  tH. 

ProT*nic3  of.  #73.  iHIO, 

Stnas.  J(Ki.ii23. 

Tabic  nf  pn»perti««  of  adjustable,  HT.  p4-i. 

DbtTM-tcr  *ir  a  pin   473,  pl2 

Tabic  of  pmjjcrticii  of.  BT.  p4a. 

DiTnettsions  at  rivet  beads,  |73,  plS 

nf  rivet*.  172.  Sil«.                             ** 

F 

DisUnce.  Pole.  |6B.  p,*J3 

Field  rivets,  f  7:^.  pID^                                           ^^M 

Distribution  of  dead  luad  on  Balttmnrp  inist, 

Pillern.  Tmht.  {7:V  p22.                                  ^H 

_^                   JfiS.  J.7«. 

Pink  tiiistt,  {r;$t.  ji83-                                   ^^H 

^^H             of  dead  li>ad  on  curvtd  cKi>rd  truss.  }{l!U 

Fii^K-ln-lly  truN5.  (il£).  p74                              ^^H 

^V                 P^l. 

FijiiHi  end,  f  7^1,  p.'i4.                                          ^^H 

P                         of  load  on  curi'ed  track,  §71,  pS*. 

tfttd  pusts.  {71.  p2g                                        ^^^1 

1                   D...Rt*>lt&.  f73.p34. 

FlanKcA,  {73,  |>22,                                          ^^H 

1                         DijuUe  ho*strinK  tn!BB,  |fl9,  |j74. 

g(  an  I  beam,  fG7.  pZ.                                         ^^^| 

f                       -inicruet-tioT^  Pratt  tntss.  JflS,  p65. 

of  a  plnli^  >;irtU:r.  {07.  plJ.                           ^^^| 

^^H^                'int«TT:c>crioin  truss.  {G7,  pT. 

Flat  plates,  Pn»iierlie»  of,  {72.  pft.                  ^^^B 

^^H               'JnterfTLtion  Wurtirn  lru,f&,  }l^8,  p3l 

FliWFT,  Amin«enirnt  of    ir  skew  bridiies,  §71,      1 

^^K             -intfrsuLlion  Warrtn  trusG,  Slreasu  in«  |QS, 

p40                                                                          1 

^H                 P32. 

FIiK>rbe:am  connetlifpn  tn  trusses,  §73,  (ffl*.           1 

^^1              lattidnjf.  |72.  p34. 

Maxinnum  load  on.  %7{t.  p37.                           ^^^B 

^^H              fibcar  <jn  rivt-ts,  ITS  pll^. 

Flourbcamn,  {U7.  |d  1,                                    ^^fl 

F 

Shapes  ust-d  (tjr,  {73.  i»24.                            ^^H 

SlriniiteT  iLjnriection  t-K  {73.  p22,                ^^^| 

1                   Bcccniricity  <iS  bridge  nrmben,  §72,  p30. 

Flo'^r  1-vstt? f  a  bridite.  |G7.  plO.               ^^^1 

'                           nrimrk,  171,1.34. 

Ky<!iti-ms.,  |7rt.  |d4                                               ^^^1 

Ekvutcd  railways.  General  fatm  of,  }71h  p4a 

Floom.  for  hiMhwav  hridjcr'i,  {73*  p]  4.           ^^^H 

^^            End.  espanwon,  J73.  p32. 

for  ratlmad  ^miifft^i,  {73,  plS.                      ^^^| 

^^              Pi»d.  173,  p»4. 

S<i1id-plat«,  for  railrriad  bridges,  ITS.  plO,      J 

^^H              memben  of  tnultiple  systera  Wvren  truui. 

TmuKh.  f>^r  raifri^ad  bridge*,  |73.  |t>18.              1 

^H                   Str»n»in,f68.  p-13. 

Puree  Crntrifutral.  {71,  p;i4.                                     ■ 

^^H              pott  of  a  tniHs   f  fl7.  p4. 

Crntrifui^al.  on  a  tindk^^  107.  pl4                          1 

^^1              pott.  Wrtical,  {AS,  i>31. 

dkiiram,  {mi,  PP&,  H.                                           1 

^^H               posU.  Fixed.  171,  pi29. 

diagram  (>n  nat^iv\  furves,  {00,  pl4.                 1 

INDEX 


11 


force — (Conlinued) 

poiygrm.  (^6^  p4. 

Tnu-tivi.'.  on  a  bridge,  ifl7.  pIS, 
Purees,  cnnc torrent,  Equtlibrium  of,  |00,  pS. 

D^jlanar  mm-cfiticucrierit^  JQti,  pB. 

EquiilitiRint  of  i.'onctjrrem,  JGO,  pG. 

Estcmal.  pn-'tinK  r.n  a  bridge.  |B7,  pUS. 

Kuti-cuncUrrcn  t .     Graphic     cottdi  Lii  ma     of 
eiiuilihritim  uf,  {(10,  pL4. 

Non-concurrent,  Oraiihic  problems  on,  JWO, 
pl«t. 

PAmUel.  FoTLT  dicigram  for.  |60,  pl4. 

Resultant  o(  cDncurrent.  §06,  p3. 

TraTi£<^'i!rse.  on  trusted,  |7L,  pi. 
F^'^nnuta  frjr  ccntrifiiKRl  fnn,*.",  (71.  ("fciHi. 
Fitrmulas  fur  Lr>mpre3sir;ri  mertilscrSk  S72,  p4(l. 

for  portals,  S71. 1)25. 
Fwur  fortfs  in  equiUhriuin,  |8<5,  pl9» 
Pmmi-,  Polyiion«L  {OG,  p'JO. 

T1i<!  funicular  as  b  ji>int«d,  ^66,  pll. 
Frames,  Sway.  J71,  p32 

Trart^vtrfsc,  173,  p2tt. 
PnTC'budy  niethod  applied  to    trusieit,   |57, 

P37. 
Frirtion  of  rivetcfl  jnints*  (7*^,  pH, 
pMnicnIar,  Dplprminatinn  fif  the  iatvi^cpt  hy, 

ptiljur^n,  SflB,  jtlO. 

The.  BLs  A  jointi^d  framt,  (GO,  pll. 

G 

•OauiFe  lint  f-^r  rivets.  i72,  pl3. 

Hnn  for  aftuli's.  Tal^ke  of  aunUard,  BT. 
pis. 
Girder  4indRe»  |67,  pfi. 
Lattice*  il37,  p3;  fG8,  pi. 
PIbIch  i07.  pS, 
GifiierB  At  chords  of  kitcr&l  systrm,  f73,  p25. 
Onphic  and  an^dytic  methods  ds  upplicd  to 
t^SK*  comparrct.  |A7,  t}38. 
And  Analytic  methods  tompared,  |8fi,  jil. 

COfldititJil  of  rciuLtibriuin  of  nan»t:oncllfrTnt 

fonru,  16S,  pi 4. 
detennjnatlon  oC  rnommts,  {60,  p33. 
determination  of  the  resultant  ^nd  pquili- 

br&nt  of  t^incUTTent  forvi-s.  fiWi  jj3, 
method  applied    to  cLirved -chord  Irusses, 

|6fl,  p2L. 
method  applied  to  Petit  tnuq,  f6d.  p64. 
method  applied  to  itei-l  tttstles,  B^l,  pSf*. 
rru-thcMi  f[>r  L-oncentratcd  Initds;,  |70,  p70. 
mclh()''ls  for  determining  stre&fies,  {B7,  p43- 
problem^  on  ooncurrent  force*.  fl66.  pl(l. 
prablcmi  on  non-co!tevifT«»t  forte**    |&B. 

pl«. 
Grip  of  *  pin,  §72,  p3©. 
oCarivct  172,  pl&« 


GrcKs  BTeH.  172.  pS.*), 

section.  |72.  p35. 
Qiufd  An^Sc£  for  <up|id-plate  flonri,  ft73.  p20, 
Gufiset^H  fa?,  pit,  |73,  p8. 

Site  of,  173,  pQ. 

H 
Half-thrtiuifh  bridge,  ft&7,  p]2. 
Kcfldi  fgr  literal  rod';,  TaiAc  of.  BT.  p40. 

Rivet,  Table  of  siscs  of.  BT.  p3i. 
Keight  cf  a,  tniaa.  f67,  pi^. 
Hexa^n  nuts.  S72f  pO. 

nut^.  Table  of  ilimen^ions  and  ^fceij^htH  irfi 
BT.  i>4. 
Hip  joints.  J7I,  pU. 

vertitals.  {OS,  p4S. 

vcrtic^aU  of  Baltimore  truAS.  Stmnet  in. 

jfta,  p75. 

Hole-i,  O 'untL'rsunk  rivfl,  {72.  p37. 
Rivet,  I>edvciJ>tn  of  are-a  for,  |72.  p35r 
Rivet,  TaUe  of  ai-eAs  tu  be  deducted  for, 
BT.  p40. 

Howe  truss.  jffiS,  p52, 

truss,  Stnsscs  in,  |Ofi,  p63. 

I 

Ibcain*.  |fi7  pl. 

Prcipertita  of.  §72,  pl4, 

Standard,  {72.  pM, 

TaLIc  of  pnpprftiM  nf  standitrd.  BT.  p22. 
Inrh,  t'oinmon.  fracttDna  of  an,  reducird  to 

deciiruLU,  {72,  plJi. 
Inches  expivised  ait  decimals  of  a  foot,  179, 

pis. 

Indineil  chord,  |67,  p6. 

-chiird  deck  tfuas.  {69.  fAH. 

-churd  iniK.  {67»  p6. 

-cburd  truss.  General   descnption  of,  {6!J, 
p32. 

-chord  truH.  Special  typ«  of  {09,  p72, 

-chord  truaa,  Stn»Be&  in,  {60.  p.13. 

-chord   iru&rcs.  Sttt^ea  in,  from  cuncetl- 
trated  load*.  {70,  p52. 
Indetcrminnte  ftresatA,  |07,  p37. 
InflutntY  ]in«  (ut  moment  at  a.  truss  juint, 
{70.  \i23. 

line  for  moment  in  a  beam.  JTO,  pU. 

linp  for  shear  in  n  btam,  {70,  p20, 

line  for  ichear  tn  n  panel,  {70,  p33, 

Jines  for  multiple-iyslcm  trussesi  |7D.  piB. 

IfkHrjtS,  {72.  pO. 

Intensity  of  beaHnjL;  area  for  a  ptn.  {73,  tjtl. 

of  load  on  a  beam,  Averaae.  S7l>i  p8. 

of  wind  pn^ssure,  {71,  pi. 
Intercept,  {60,  p34. 

Determination    uf  the*    by   the   funicular, 
i6S.  p3S. 
Iroa,  Use  of,  in  tvidse  Kmstruclion.  |72.(S* 
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Uve— (Continued) 

j| 

^^V           Jib  nf  a,  crafiie,  $tiB,  p:{0, 

-Iwd  thorri  atrcfflcs  in  Petit  truss  ^ 

^^H               J>iinL  i:i(  a  tnis^'4,  fl(]7,  f^. 

mined  yniphL-all>r.  |C0,  pG5. 

^^■^              J'tinlfd  franiL-,  The  luniLUlaT  as  n,  jllti,  jill. 

-lf*ad  chuTd  stresses  in  Wamrn  itti^s 

168. 

f                    J'.mis.  Hip.  J71.  pU, 

p6. 

t                        in  rivctcil  Irusst-s,  §73,  p«. 

-■lead  shears  in  a  truss,  4fl7»  p32. 

^^L                Method  uf,  apt^lied  to  Warren  truss.  jflB, 

-Itad  shcarll  in  Pratt  truss,  jB8.  pSJ, 

^H 

-load  sIieitR  in  Wam-n  imss,  jCS,  plO 

, 

^^H               MctKud  uf.  for  dctcrmi^dng  stnsseE,  107^ 

'load!   Wifb  Ktnsssc-s  in  curved-iJiort] 

truss. 

^H 

IflO.  pl3. 

^H                Pin.  «7a.  pJD. 

-loud   wtb   strpsfics  in   eurved-chonj 

tn»s 

^H               RivL^tiv].  173.  pi. 

detwrmincd  Rraphically.  SflH,  i>2a, 

^H           Juists  lar,  pH. 

-load  web  scrvs&e^i  in  inclined -chord 

Lrufli. 

^^H 

fiBU.  j^^. 

-luad  web  stivsars  in  Pi'tit  truss  dutemiined       1 

^^H             Knee  braces,  |7l.  pi  I. 

ftnainifollv.  SflU,  pSi. 

1 

^^H                braL-eii,  Purtal  wtih,  |7l,  pSl. 

-load  TAi.'b  strr-ises  in  P^tit  trtisc  deleriTUaeil        | 

^H 

eraphk-allv.  Jti9,  pOS. 

-IfXid  wfb  sl«»*s*m  Warren  tnis^. 

I6B. 

^^^B              Lateral  hracinj*.  171,  [j4. 

plO. 

^^H                  bniidn«>  Win  J  sirvsai-s  in.  ji71,  p5. 

Load.  rVad.  *e7.pU. 

^^H                ci^nnci^tinn^.  }T:t,  it'M, 

Distributinn    tif.    un    cur\'ed     track, 

*7I. 

^H               pirn.  )f72,  psg. 

p3-t. 

^^H                tiiiifi,  Table  (if  ditnt^AsotiiS  of,  BT,  p42. 

Equivalent  uniform,  STQ,  pOA 

^^M               rnds,  }72,  p43. 

Live,  fti7.  id-t 

^^^M 

^^1              r^Hls,  Tabic  of  beads  for.  BT,  pi^. 

Masimum  piini'K  |7C),  p39. 

^^H 

^^H               nid>.  Tyi«s  of,  S72,  p44. 

MoWnK,  {07,  pl4. 

^^H 

^H           fiy»k<TT>,fn7.  pn:}7i,r>4 

Wind,  S"^".  pl4. 

^^H 

^^H                 ayalenl  for  E.kcw  bridficrs,  171.  MO, 

Loaikd  tUk>rd.  167.  pl2. 

^^^1 

^^^H               Ryjitcms,  (.^nerul  ioTtns  of.  (73*  p2.'S. 

Liiads,  Jfl7.  pl3, 

^^1 

^^H               systems,    Gufncral    method    of    compudnj; 

Qaaaificatiun  of.  Jfl7„  pl3. 

^^^1 

^^H                 filT«»!«s  in.  173.  p25. 

Concentrated,  Standard  syslcma  of 

170 

^^^H                truKi,  Lrjwi^r,  in   skfw   bridiitt^:.   (71,  p42. 

pOO. 

^^H              tniH.  Upper,  in  skew  bhildes.  {71,  p4^. 

E'ltiivali^nt,  }70,  pG(^. 

^^1           X^tticv  ban  in  huUtur)  i!hape«,  $72,  p33 

Mftxtmuni  Unorbeam,  (70,  p37- 

^^B                gtrdtr.  |67,  iH:  (FIH.  pi. 

Panel,  ft*17,  pl5, 

^^H                 fH*rt4»l;  (71.  plO. 

Li>Komotive  excess,  |70t  p69.  ■ 

^^H               xmnH,  iG7, 

Lungitudinal  bracirvg  fur  st«tel  tresUr* 

171. 

^H             Latlif'inr;,  Double.  (72.  p34. 

p57. 

^^M                 Sinnie.  i72,  pH. 

thrust  an  a  bridge,  |67,  plG. 

^^H              Leewnnl  Unfis.  (71.  p3. 

thrust  on  steel  trestles,  i7l,  pS7. 

^^H 

^^H              U*i2!i  <'f  an  arur^e.  Oututajlduif?.  |7^,  pSS, 

LrMJtvwclcIcti  rods.  172,  p42. 

^^H 

^^H            I^nutb  ui  buUt'Up  nicmbirrs,  f73,  p7. 

L^.w-truss  bndffP.  J57,  pl2. 

^^H 

^H                 Paihrl.  |S7,  p4. 

Lower  chord,  f&7,  p4. 

^^^1 

^^1            Lcn»{ibs,  Tabl«^  af  maximum,  of  steel  ijlates. 

M 

^^^1 

^H                    UT.  r5. 

^^H 

^H              LenLkular  tnixl,  fOS.  p74. 

Mast  of  a  cmne,  100,  p30. 

^^^1 

^H           Line,  Ckistm!,  |0&,  p4. 

Hatarifl^  uied  in  bridge  constructioa, 

jtTI 

^^H                  GauKc,  fur  rivets,  §72,  p]3. 

Pl. 

^^H              InAucncc,   fur   moment  in   a  beam^  170, 

Maximum  bending  mr^mfrnt  at  any  aectjon  nf      1 

^H 

a  bcani,  dm^  ta  Iwq  cut^i^mtrated  t'JAdr.      | 

^^^r                  Influence,  for  iibpar  in  a  bea^Ri,  |7n,  (120. 

|70.  pa. 

1 

^^H            Line*.  Cfiitcr.  cf  mcmbfrR.  J72.  p30. 

tjcndinff  momml  at  any  KcUun  tit  a 

Vtajn       1 

^^K            Livv  liiafL,  &ti7,  pH. 

(rom  ivjncnntrateil  liKidsi  |70,  p6. 

1 

^^H                'loaH  l>rnHlinK  ni'jmetit  in  a  truss.  fB7.  )iv^2. 

bendini*  monwrnt  in  a  befln*  rmm  cijnc»nj-       | 

^^H                I'iarl  ch'rd  ^iretstts  in  indined-cbord  truvs 

traU-rl  lnnd£.  S70.  pl3 

1 

^H                  fOO,  p37. 

bmding  moment  in  u  tru«s.  ||}7,  paO- 

i 
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IliixiiTvum — (Continued) 
chord  stresses  in  indined'cbord  tnus,  |60i 

p37. 
chord  stresses  in  Prtit  truss,  109,  i>47. 
Aoorbcnm  Iiads,  |70,  p37. 
UiBifthit  of  stwl  pliktes.  Tabid  of.  BT,  p5. 
li^e-lrjud  shear  in  a  imss.  S67^  jt^S- 
Uve-loitt]    shear    ifl   a    truss.    appru^mAtc 

mciiiad,  |67.  p35. 
liv«-loa(S  cirvKK-s  in  web  mernbcrs  ot  War- 

ttrn  truss,  |t>B,  p23. 
mnment  tit  a  truss  joint  frum  concentrated 

kwds,  |7U,  p25. 
tnomtnt     far     cunL-entrated     loads     deLcr^ 

mined  KrmphiuUly.  |70,  p70. 
tnomcnt  in  n  beam  Etdth  one  cunccntratud 

load,  ffO,  p£. 
mpmcnts  and  sbcAfa  in  beams.  §07^  p20, 
pttTict  I'jnd.  f70,  p39- 
^ositive  shear  in  a  panel.  870.  txIB. 
■hear  at  a.  aectitm  of   a   hva^m    from    one 

TuovinK  Inflfl.  |70.  pis. 
flt^iir  from  conccnttati'^dl  Ir^fids  deteninrwd 

graiihically.  (70,  p7L 
shear  in  a  beaTn  from  mnv-infi  loads    |70. 

shear  in  a  beam',  Section  of,  (70,  p24. 
&trcssEA  in  diftfjiunalii  uf  Pratt  tnm.    |68. 

stre«BC»   ii]    k'LTticol^  of    Pratt    tniss.    {68, 

pM. 
web  streBKS  m  cyrved-chard  truss.  Jflt), 

web  stfcssfrs  in  lAclioed-choT'd  trus«,  i«l>, 
p42- 

M<dfes,  Sttff^l.  |72.  ]t6. 

Membrrs.  Unjjth  of  buitt-up,  f73,  p7 

nf  a  truss,  }^7.  t*4. 

Si>)ki!A  in  tmiU-tij*,  |73*  p7, 

Web,  JfiV.iwJ. 
Mr-Ili<j<l.  Fn?f-U<dy.  ap|»li*^d  tn  trusses.   S67* 
p37. 

of  joints  applK-d  to  Warr^-n  truMs.  JOR.  pi 3. 

of  jnints  f^xr  <lctcnTiinitU!  «LrvsscK.  {07.  i.>4 1 . 

of     momc^n  ta     npplie  d     in     curved-chord 
tniisei,  f  tl9,  p8. 

of  mfimcnts  for  detemuninif  ttTVSMS,  |67. 

of    resolution    of    forcei    for    determining 

fttftases,  |ti7,  p4]. 
of  sections  a];iplicd  to  curved-chord  trusves^ 

leo.  ^. 
of    tcctvym    ftpjilHed    td    multipte-syxtem 

Warren  mws*  J6S,  p43. 
of  settirms  applied  Id  Warren  tnisa,  tK.  I>2, 
vf  tfctiuos  for  itetermininff  nzcHH,   |67t 

P3tt. 


Method — (CoRlinupd) 
1  if  shears  applied  to  curt'ed^tiDni  trunes, 

je9.  p7. 

of   shears   f«ir  determining   etmscG,   |67, 
p3». 
Methods,  AciaJytki  for  dptemdning  streiaes. 
fiti7.  ihlH. 

Graphic,    for    dcl^rmiaing    jttfv&ses.    (67. 
p43. 
Minimum    chord    stresses    in   inclined-chord 
tra».  le®,  p37. 

chord  stKsses  in  Petit  truH.  fOO,  p47* 

live-load  gtrewcs  in  web  mctabeis  of  War- 
ren truss,  fOH.  p23. 

strcsars  in  diARonal^  of  Pratt  tni».  |0S, 

jtrvxse^  in  main  diagonals  o£  Petit  truss, 

\m,  p66. 

fctrti^sM  in  verticals  of  Petit  truss,  fOfl,  p59. 
atresse»  in  vprticaU  of  Pratt  truss.  }68,  ttSS. 
web  Ktrcwes  in  eurvid-thurd  lf«H,   #60, 

pi«, 
web  stresses  in  indined-chord  tru«,  f(Ki, 

p4:i. 

Mnm^nt  At  Qny  nM^tion  of  a  bram^  duL^  to  one 
ooincenl rated  load,  f70.  p2, 

at  a  trusfc  j"int,  Influ^nco  line  for,  |70,  p29. 

at  A  truss  >oi"t.  Maximum,  from  concen- 
trated loads,  j70.  pZ5, 

Bpndint^,  in  beiatns,  }07.  p20- 

didijjnuns  fnr  concentrated  loads.  J70i  p64, 

in  n  beam  from  two  i^sncentmtcd  loilds. 
170.  p3. 

in  a.  beam.  Infiuenire  line  for,  £70.  p3. 

Live4oad,  in  a  truss,  £67,  p32. 

Maximum  bendinH  in  a  tru&s,  |67,  p&'i. 

<jf  inertia  ^^(  a  buill  u^  Khaix-,  J|?2,  p24. 

of  parallel   forces  determioeH  KraphicaJly, 

Moments,  Dcad'load,  In  a  truss,  jfl7.  p3l. 
Graphic  determinatirm  f.if,  fOfi.  ]^li. 
in  a  truss  fn>m  L-Mfi«-nim(i'd  tn^id^,  S7i>.  p2J5. 

in  plate  BirdPT  pcirtal.  J7l.  pl7. 

Method  of.  applied  trj  mrvcd -chord  trutars, 
leo,  p8. 

Method  of,  for  detfimiimnjt  strcsaea.  {67 
P39. 

of  inertia  of  pectangiilar  Kctions,  |72,  plO- 

of  inertia  of  icctan^lar  sections.  Table  of. 
BT.  plO. 

of  pins,  Tabhf  of  resistinE.  BT,  pfi2. 
Movini?  lijftd,  f67*  pl4* 
MiUtipEe- intersection  truss,  }07,  p7. 

-system  curved-chord  trura^  {SD,  pOO- 

-system  iniss.  |67.  p7, 

■systein  trusses,  InJQuskn  linet  for,  170, 

p4a- 


M  vil  ti  file— (Contitiyed) 

Pttrt  truss— {Continued)                                   ^H 

-tystirni  Warrtn  truss,  jSfl.  p3fl- 

,trusa,  Stresses  in,  by  ^aphtc  mrthnd,  |69, 

MuUiplicAtion    uble   for   rivet  apAdiift   BT, 

Uft4. 

^^L                  fi32. 

Iru«5,  5tn*sacfi  in,  fiom  cftncetitrmlvd  UhuIs, 

^H 

{70.  PU7. 

P                  Negative  shear  in  a  Ixa-m,  |fl7j  p25. 

Lm££,Strt!fsesin:  G«nrral  niDih'Xl,  {Ofl.piS. 

1                    Ntft  wLtion.  f72. 1.35- 

Phnsphnni*,  Effott  of.  on  steel,  {72.  pS. 

1                  N<<ininAl  si7o  'jf  alnictural  an^Iea,  17^*  dU, 

Pin.  Bearing  area  of.  {73,  pi  U 

1                    Nim-concuiTciit  frju-es,  Graphic  DindHions  of 

BvndinH  moment  on  a,  {7J„  ptS. 

^^_                   cijuUibrium  af,  |ftB,  d14. 

-connected  truss,  {67.  p9.                              ^^ 

^^H             -rnncument  farces,  Graphic  problems  on. 

Cotter.  172.  p40.                                             ^^H 

^^F             {as,  pi8, 

Grip  of  a,  i72,]>3i>.                                        ^^M 

P                 Norm^  ray,  |6Q,  t>34. 

I'oiDU.  173.  plO.                                               ^^H 

1                       ray,  Seketioti  of.  jflfi,  p38. 

platta,  {7a,  pH'                                           ^^B 

1                    N(rtalir>n.  Buw'e.,  fBli.  p7. 

Benu'ri'd  diameter  of,  {7!1,  pljf.                   ^^ 

1                     Numbef  of  riv'Pt^  rv-iuircfi,  |73,  p5, 

Pins    Lateral.  {72,  p30. 

^^B             Nuu  Fur  pins.  Table  :>f,  BT   p4L. 

Table    ••!    brnrinff    valueis    and    iBaMtlm 

^^H               ]1cMi)(i!n.  17'.^,  ij',K 

mcimt*nts  nf,  BT,  pfl2, 

^^H             tlcKJiRon,  TabJi;  of  dimensiona  and  weights 

Taiile  cff  dimcnHJorrK  f>f  iBtcfa],  BT.  j>4a. 

^^b                  of,  BT,  pi. 

Tabic  fff  Rtrew  ends  and  nuts  for,  BT*  iHll. 

^V 

Triiss.  {72,  p39. 

Pitih   Rivet,  {72.  plO. 

1                   Otl4   number  tif  panelii,   Curved^thord  trusa 

Plate.  Cqvlt-,  {72,  p23. 

^^_^                   v^-ilh,  ftAQ,  rd2. 

-girder  i>irtal,  B71.  pl7.                                ^h 

^^^H             nvii]]bcr  of  panels,  Pmtt   truiu  with,  fflS 
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Dead  load ,     in     Pn.  tit     I  rusa     dt>tcmuitcd 

Kiaphically,  §d9,  lOl. 
Dcail'Ioad,  in  Warren  truss,  |C8.  jiH. 
Dead  loiid    web,    in    ctirved-churd    tnis. 

|ft9.  [.9. 
Dead'load    web.    in    inctincd-churd    truss, 

fG9,  t^&, 
Uead'Ioad  wcb,  in  Prtit  tnoss.  di"l*.-niiincd 

unatyli^-any.  §t10.  ti47. 
diMf  to  t'cntnfuHa!  f('rt%',  |TI,  p37. 
Eflcct  of  wind,  on  titluT  stressps,  §71^  |^t, 
fjym  conccntnited  l*'ad5,  j7l).  iAO. 
Gcncnd  methods  uf  valfulatina.  in  truMca, 

|D7.  p3fi. 
in  brand  po<iAU  (71.  pl5, 
in  QountDr&  of  Baltimort'  truKs.  §ft8,  p77. 
in    counters   yf    t'ur^x'd-cborii    imtte,  §By, 

pU, 
in   counters  of  inclincdschord   trusts.    §BQ, 

pSG. 
in  counters  of  Post  truss.  IBS.  p7l 
in  icurvcd-c-hord  Iriiasc*  by  analjr'tic  tinrlhLM), 

160,  p5. 
in  curvcd-thord  trui»£s  by  gntphic  method, 

in  deck  Pnitt  truss,  §6>ft.  pSS. 

Indtfti-rniliiaic.  §B7,  r>37- 
in   duuble  intcrtetliun   Wantn  intsa.   §68, 

P32. 
in  double  Warrrn  truia  with  subvrrlicals, 

§58.  iise. 

iii  rmt  TTH'oilicr*  pf  rnultiplc-syrtLni  Warren 

tm»>.  §04.  p43. 
in   hip   >'ertii-al£  of   Balliniorc    truLk,   §4S, 

p7S. 
in  Howi'  iniss.  §(iS.  plW 
in  intliniiV  chi-^nl  Irusn-..  JfJ9,  p;t;{. 
in  latt^ntl    systtrrnik,  lifnt-r^il  cunjsidenitionji 

ft-jrardinii,  §73*  p^.^. 
in  laltiiv  iiuftal,  §71    pH> 
in  main  diaj^Dnals  uf  Butttmorr  truu,  1118. 

p70. 


XVUl 


INDEX 


Btreases — {Conlitvued) 

in  main  web  inembcrs  oi  Post  truss,   j66. 

in     miiltiylB'SyBtxim     currtsd-cliord    truss. 

in    mtiltiple-systcm    truMcs   from    conctsn- 

tmlcd  luads,  1^70,  i)4H. 
in  multiple-sysittn  Warri'n  truss,  fttS^  p4l. 

In  Petit  tnis?!  by  arialylic  method,  ^09*  p46* 
in  Petit  irusti  by  Kf^pbic  methnd,  fQy,  pH4. 
ia    pL'tit    truss    from    cDUccntratcd    loads, 

470,  iw7. 
in  Petit  ir^sss,  General  Hielhi>il,  |09,  p46. 
in  Petit  trass.  Table  nf.  |fly,  pft2, 
in  portal  with  -.-un^d  bmckels.  |Tl.  piM. 
in  portal  with  knt'e  braois,  f7l,  p21. 
in  Pratt  truss,  S6H,  ]jr4B. 
in  Prall  truss,  Cnnit*incd.  §68.  ih^A. 
hi     primary     system     of    multiplii-systtm 

Warn-n  truss.  jjOa.  \Al 
in  tjuarit'niary  systt-m  q{  multiple-Hystcui 

Warren  truss,  iftS,  i>43. 
in    sci:i:inda.ry    aystcm    of    multiplt^systcni 

Wan^n  trusii,  J68,  J3*2. 
in  ^oft  diajron^s  of  Baltimoiv  truss,  |64j. 

{n  bIhw  portals,  |7i,  p43. 

in  steel  TTcstlrti,  |71,  p51. 

in  subvcrtieaJs  of  BaJiim(*re  CnuH.  {EW,  p74, 

in  sway  frames,  f7l,  p.12. 

in  l^rtiarv  systfin  u{  invWipW-syaicm  War- 

rtn  truss,  108.  p42. 
in    truuci,    Anidytic    methods    far    dcrtKr- 

minin;^.  |67.  p3S. 
in  verticals  of  lI:iltimore  tnus.  |6S.  p78- 
in  verlic-als  i>f  it-urvL-d-clKPTd  truss,  JB9,  pl7. 
in   verttcftis  of  curved  i-hord   truss  deter- 
mined gfraphicuily,  {09,  p27. 
In  vladuLts,  (71,  p4S. 

in  Warren  truss  with  subvLTticals.  |09.p23. 
in  yvc\t  incmltra  of  Wemcn  truss,  |6S,  pfl. 
in  Whipple  tnias,  |fiS.  p65. 
Ltve-t^ad  chord,    in   inclincd-E-hurd    tniss^ 

SAG,  ii37. 
Livr  load    chnrd,    in    Ptriit    tni&ES,    dt't«r- 

mined  RraphicaMy,  lOn^  ptf*- 
Livt-l[*ad  web,  in  cuni'ed-chord  trus^^,  fOO, 

Pl3. 
l4vv-|D*d     Web.     in     curved- chard     truss, 

determined  Kraphirally.  ttiU,  p22l. 
Live-load    web,    in    inclined-thord    trusi, 

im.  p39. 
Li\x-U>ttd  web,  in  Petit  tnus,  detctrnincd 

an^lvtically.  |6C),  p^l. 
Live-load  wch,  in  Petit  tmw,  detfi*rnineH 

Brephit'Blly,  |fifl»  p6Ji» 
Uve-Ioftd  WGb,  in  Wamn  trun,  |A8n  i>IO. 
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Maximum  and  mlnimuni  web,  in  Wancn 

truss.  |0S,  p23 
Sccondajy,  172,  p46. 
Total,  }G7,  p3S, 
Web.  m  cuived-chard  trusses,  dt'temiined 

attaJyticalty,  ifl&.  p7. 
Web,  in  double- intersection  Warren  intis. 

168,  p33. 
Wtb,  in  double  Warren  trusK  with  subver- 

tJcals.  168.  p37. 
Web.  in  pandlt'l'chunJ  irusMs,  |6>8.  pT. 
Wind,  in  lat^ml  bracing,  $7t,  pG, 

WtirkirtB,  {72.  p45 

WurkJn£  for  U-ndinK.  |73,  ]>49. 

Working,  in  cnmpresaiun  member*.  Table 
of,  BT.  p46. 

WorkipK,  Tabic  of.  fnr  shcnr.  BT.  p49. 
Stringer  >t:Linneetiuti  angles,  ^I'i,  p21. 

cnnneL-tiiin  tti .Aaoi'  iKaiii^,  |73,  p22. 

cimnectLijaE.  {73,  p21. 
StrinB*;rv.  J(i7.  pU;  |73.  pl4. 

Fwrmsof,  (73.  p21. 
Strings  of  fimicular  puly^iirjfi,  |66,,  plO. 
Structural  «hnpvK.  Pnt^icrtics  of^  f72.  p7 
Subdivided  panel  trtifiS,  167,  fi8. 
Subatruts  in  Balt)jni>r«  truss.  |6ftt  p"ra. 
Subvertitrals,    Deck  Warren   truaa  witb«    |08. 
p2S. 

Dnublt  WaiT<?n  tniss  with,  ^SS*  p36. 

in  Baltimore  tn<ss.  fOS.  p72, 

of  BaJtimorc  truss.  Sln>»C5  in    |6&.  pT 

Wam-n  trn&i  with.  ^G&^p21. 
Sulphur.  Effect  of.  on  steel.  |72,  pS. 
Surface,  Wearing,  fur  bighway-biidBe  floon 

|73.  pl4. 
Suspenders,  End,  |6S.  T>4S 
Sw!i.y  bracing,  471,  j>4. 

tra.m»,  171,  p32. 
Symnivlrical  truss,  }67*  p5. 
System.  Floor,  of  a  bridge.  JB?   pit) 

tatond.  1^7.  pll:  fi7l.  p4. 

Primary,  in  a  double -in  terfectkni  Women 
truss,  SflS.  p33. 

Primary-  ol  Whipple  truss,  fOS.  piW. 

Primary,  ^a-tMiidary.  tcniary.  and  quarter- 
nary,  in  miiltipIe-iyBlcm  Watrcn  truH, 
t6S,  p41. 

Sccandfiry,  in  a  dnu Ue-in tenfcCtion  Wanvll 
truss.  I&8.  fi3^. 

Secondary,  nf  Whipple  tniic.  f  OS,  ptMk 
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of  areas  and  weights  of  round  rods,  BT. 

pi. 
of  areas  and  weights  of  square  rods.  BT, 

p2. 
of  areas  to  be  deducted  for  rivet  holes.  BT, 

p40. 
of  bearing  values  and  resisting  moments 

of  pins.  BT.  p52. 
of  devices.  BT,  p47. 

(if  cunventional  signs  for  rivets,  BT,  p36. 
of  cross-iicctional  areas  of  steel  plates   BT, 

p6. 
of  decimal  equivalents   BT,  p28. 
of  dimensions  of  lateral  pins,  BT,  p42. 
of  dimensions  of  screw  ends  and  nuts  for 

pinr>,  BT.  p41. 
of  heads  for  lateral  rods,  BT,  p46. 
of  maximum  lengths  of  steel  plates,  BT,p5. 
of  moments  of  inertia  of  rectangular  sec- 
tions, BT.  plO. 
of  properties  of  adjustable  eyebars.  BT,  p44. 
of  properties  of  cast-iron  separators,  BT, 

p25. 
of  properties  of  equal-leg  standard  angles. 

BT.  pl2. 
of  properties  of  eyebars,  BT.  p43 
of   properties   of   standard   channels,    BT, 

plO 
of   properties  of  standard  I  beams,  BT, 

p22. 
of  properties  of  standard  T  tails,  BT,  p30. 
of  properties  of  tumbuckles.  BT,  p45. 
of   properties  of   tinequal-leg  angles,    BT, 

pl5. 
of  propel  ties  of  Z  ban>,  BT,  p26. 
of  radii  uf  gyration  for  two  equal-leg  angles 

placed  back  to  back.  BT,  p37. 
of  radii  of  gyration  for  two  unequal-leg 

angles  placed  back  to  back.  BT,  p38. 
of  sizes  and  weights  of  hexagonal  nuts,  BT, 

p4. 
of  sixes  of  rivet  heads,  BT.  p31. 
of  standard  gauge  lines  for  angles.  BT,  plS. 
of  stresses  in  Petit  truss.  §69.  p62. 
of  upset  screw  ends  fur  rods,  BT,  p3. 
of  values  of  rivets,  BT,  p50. 
of  weights  of  rivet  heads  BT,  p31. 
of  weights  of  steel  plates,  BT,  p8. 
of  working  stresses  for  compression  mem< 

bers,  BT,  p48. 
of  working  stresses  for  shear.  BT,  p49. 
Multiplication,  for  rivet  spacing,  BT,  p32. 
Tension  members.  Required  area  of,  |72.  p45. 

members.  Working  stress  in,  |72.  p45. 
Tertiary  system  in  multiple-system  Warren 

truss,  168.  p41. 


Through  bridge,  {67.  pll. 
Thrust.  Longitudinal.  {71.  p67. 

Longitudinal,  on  a  bridge,  |67,  pl5> 
Tie  plates,  |72,  p34. 
Tight  fillers,  §73,  p22. 
Total  stresses.  167,  p38. 
Tower  span  in  steel  trestles,  f71,  pfiO, 
Towers,  Trestle.  §71,  p50. 
Track.  Curved,  on  a  bridge.  f71.  p34. 

Eccentricity  of,  §71,  p34. 
Tractive  force  on  a  bridge,  |67,  pl5. 
T  raUs,  |72.  pl5. 

Table  of  properties  of.  BT.  p30. 
Transverse  bracing,  |71,  p4. 

forces  on  trusses   |71,  pi. 

frames.  {73.  p29. 
Tiestle  bent.  |71.  p50. 

towers,  |71,  p50. 
Trestles,  Steel,  |71.  p50. 
Triangular  truss,  {66.  p24;  {68,  pi. 
Triple-intersection  truss,  §67,  p7. 
Trough  floors  for  railroad  bridges,  |73,  pl8. 
Truss.  |67,  p4. 

Baltimore,  {68.  p72. 

Baltimoie  deck.  {68.  p78. 

BoUman.  {68.  p84. 

Bowstring,  {69,  p73. 

bridge,  {67.  p8. 

Cantilever.  {67,  p5. 

Continuous,  {67,  p5. 

Curved-chord.  {67.  p7. 

Curved-chord  deck.  {69,  p31 

Curved-chorxl  Pratt,  {69.  p3. 

Deck  Pratt,  {68,  p57. 

Deck  Warren,  {68.  p26. 

Double  bowstring,  {69,  p74. 

Double-intersection  Pratt,  {68,  p65. 

Double-intersection  Warren   {68.  p31. 

Double  Warren,  with  subverticals,  {68,  p36. 

Fink.  {68.  p83. 

Pish-beUy,  {69,  p74. 

Howe.  {68.  p62. 

Inclined-chord.  {67.  p6. 

Inclined-chord  deck,  {69,  p35. 

Inclined-chord.  General  description  of.  {69. 
p32. 

Lattice,  {67  p7. 

Lenticular.  |69,  p74. 

Modified  Baltimore.  {68.  p78. 

Multiple-intersection,  {67,  p7. 

Multiple- system,  (67,  p7. 

Multiple-system  curved-chord.  (69,  p69. 

Multiple -system  Warren,  (68.  p39. 

Parallel-chord,  (67,  p6. 

Petit,  (69.  p43. 

Pin-connected.  (67,  pO. 

inns,  (72,  p39. 
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Rivi»te4.  Ifl7»  pfl. 

Rnnt,  Knotyned  hy  ifrap^kti.  |Mt.  f)3A, 

SpTLinl  tj'(*)  nf  mrliilctUliunJ*  fOfI,  pTB, 

TrwTiHiJtiiir.  fOtt.  iij-l;  ftGH.  pt. 
Warrt-n,  ncsuni^tUiiti  nf.  IflS^  pL 

curwd'chciirdt  Oentm,!  dcst-rtinvto  of,  |QII« 

0«neTiil  mitUiddii  ut  i::alct^laiIniE  firvcsH  An 

f07.  T*3ft 
rivets*!,  Jmftts  in,  173,  pJi. 

T«l)le  nf  prctptirtuMi  of,  GT,  (viS. 

u 

l^-nt,  Kt>.  PCIK. 
load,  B.jutvalpnt,  S711.  tjfl(*. 

UpiJTT  (.iMirtU  |K7,  p4. 
UT'K<*t  "n-r*'*  t'tnl*.  |72,  jjB* 

Upsetting  ot  mds,  {72.  p8. 


Value,  Bearing,  nf  a  rivet.  ^73   p3. 
of  a  rivet.  Critical.  {7.3,  p-4. 
ShearitiR.  of  a  rivet,  {73,  i»2. 
Vertital  end  jxist.  $08.  p31. 
Verticals,  Hip,  JOS,  p48. 

of  Baltimore  truss.  Stresses  in.  {68,  p7S. 
of  curved-chord  truss.  Stresses  in.  {69.pl7. 
of  curved-chord  tniss.  Stresses  in,  deter- 
mined graphically,  J69,  p27. 
of  Petit  truss.   Minimum  stresses  in,   J69, 

p.'iO. 
of  Petit  truss,  Stresses  in,  J09.  pj^W,  54. 
of  Pratt  tniss,  Maximum  stresses  in,  $68, 

p.'i4. 
of  Pratt  truss.  Minimum  stresses  in,  $68, 
p.W. 
Viaduct  column  bracinK,  $71,  p48. 

Definition  of,  $71.  p48. 
Viaducts,  Stresses  in,  $71,  p48 
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Warren  tniss.  Combined  shears  in,  $08.  pll. 
truss.  Combined  \veb  stresses  in,  $68.  pll. 


Wurren — fCosTitiniw*!) 
tru«,  Dtrod'U«iil  chorrl  «rnissp^  in.  |^,  p5. 

tntaa,  Dead-lmii  nhi^Ufa  in^  t*^>  1^' 

tTiiM.  l>«;k,  $6fi,  plifi. 
trufis^  Deck,  with  milivertinils.  |<W,  p20. 
truss,  DtfiM^riptii >n  *.ti^  ftfW,  pi. 
toisst  Doubk-int£n«<4L;11ort,  $(»ft,  f«3l. 
truss,  D(^iibte,  with  MubA'prtical*    JttR,  pSG 
truss.  Livcbiad  ihi^rd  strL*Aiie:3  in,  tfiK.  fA. 
truss,  Uive-ioad  bhce,rs  irr,  {68,  tp]i). 
truss.  Live-load  web  slre*Hr»  io,  ftSS.  pl<l* 
trua.<v.  MaUmum  Live-tuad  sinscacs  in  wttj 

n]«rmbers  cjf,  iHH.  p23. 
truss.*  Mininmni  live-load  stre^Aes  in   wvh 

rneinberB  of.  {OS,  p23. 
t.ruu,  Multt{3l&-cysttni,  |Q3,  p39. 
tRi^A,     Multirli^ayitcm,    8trr»B«    in,    %0&, 

P4L 
tntfs,  StTcfwi  in«  by  method  of  jointf.  IfHi, 

pl3, 
trtisn,  Strvaies  in,  by  inethnd  nf  sictinlii, 

$68,  pa. 

trusA.  StresiS^  in  vrth  nirnibtn  oC.  f  QB,  JiSv 

tru!u  Vi-itti  jmb>'erli.'HK  Kia,  i;i37. 

tniiiK  will]   Nfibvprticftts.  Stresei  1n»  |^, 

We«Hinu  fturfiee-   f-:*  ]iiitliWHy-bridi(P   Odon. 

m,  («i4. 

Web  i>innr»tlnfl  T^Ut**,  |T3,  t»** 

owmherc.  $07.  p4. 
of  t»n  I  l»'.ii!i,  fn7,  pa. 

plate.  $72,  p22. 

stressed.  Combined,  in  inclined-chord  truss. 
$69,  p42. 

stresses.  Dead-load,  in  curved-chord  truss. 
$69,  p9. 

stresses.  Dead-load,  in  inclined-chord  truss, 
$69,  1)38. 

stresses.  Dead-load,  in  Petit  truss  deter- 
mined analytically,  $00,  p47. 

stresses  in  curved-chord  trusses  determined 
analytically,  $69   p7. 

stresses  in  double- intersection  Warren 
truss.  $68,  p33. 

stresses  in  double  Warren  truss  with  sub- 
verticals,  $68,  p.37. 

stresses  in  parallel -chord  trusses.   $68,  p7. 

stresses  in  Warren  truss.  Dead-load.  $68,  p8. 

stresses.  Live-load,  in  curved-chord  truss, 
$69,  pl3. 

stresses.  Live-load,  in  cttrved-chord  truss 
determined  graphically,  |60.  p23. 

stresses,  Live-load,  in  inclined-chord  trust. 
$69.  p39. 

stresses.  Live-load,  in  Petit  tnus  detei^ 
mined  analyticaUy,  $60,  p51. 
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stresses.   Live-load,  in   Petit    truss  deter- 
mined graphically.  f69.  p65. 
Weight  of  steel.  |72,  p7. 
Weights  of  flat  plates.  J72.  p9. 

of  hexagon  nuts.  Table  uf.  BT,  p4. 

of  rivets.  §72.  pl8. 

of  rods.  172,  p8. 

of  round  rods.  Table  of,  BT,  pi. 

of  stc^el  plates.  Table  uf.  BT,  pS. 
Wheel  base.  §70.  p68. 
Whipple  truss,  |68,  p64. 

truss.  Stresses  in.  |68,  p65. 
Wind  load.  }G7.  pl4. 

panel  load.  $67.  pl6. 

pressure.  Area  exposed  to,  {71.  p3. 

pressure  in  a  bridge  truss.  |67,  pl4. 


Wind— (Continued) 

pressure.  Intensity  of.  |71,  pi. 

stresses,  Effect  of.  on  other  stresses.  |71» 
p31. 

stresses  in  end  posts,  |71,  pl3. 

stresses  in  lateral  bracinx.  |71,  p6. 

stresses  in  trestle  columns,  $71,  p53. 
Windward  truss.  $71.  p3. 
Wood.  Use  of,  in  bridges.  $72.  pi. 
Working  stresses.  $72,  p45. 

stresses  for  bending,  $72,  p49. 

stresses  for  compression  members.  Table  of 
BT.  p48. 

stresses  for  shear.  Table  of.  $BT.  p49. 
tjProught  iron.  Properties  of.  $72.  p3. 

iron,  Use  of,  in  bridge  construction.   $72* 
p3. 
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